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TMs report £ör,sist:s of some ngt.es..-on the d^s&iiss'ions: given hy 

tli« SLnth- teätlier'Eegioh tropical tecÄcai-öon^it^Ät, t:ea^  l:9*&i     '-     .--"..-' 

- — -SfefWft* treuT of research is tötfaM the k:ineöati;c.s"of wifi4 aSd 1 

pressure* a larg« portion, öf tM§ ;pÄp"er.;wlil deal wiih.,a.discussAgn- 

of certain Concepts e-f-d^^i'.s ffletöGr-ölp^f fxoäfVa. p%sxcU^ vie\ypg^nt-V 

In a few cases:,  fee physical .interpretation olLs.ose, :^theffläti:cäl. repr.e^: . . 

•sentations-vill saerif^e ^gori-sä 'tar püTposeä öf Älarity alid 'SXffipiicity.e - - 
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".'._.."'."•" . Prior. t'O th». ö&tset. §f..the Present conflict;^ .the regujfement_£pr- _"-  

~~ -- '-.   „,,--accurate. :f^^ . . 

•i ,  S^Viivb. iMs r|gaiEepflt,. the development. .6? forecasting' techniques: was, 

' •äl-s.o-. limitBd».. .Ebwever.j :ä£te"r^th# £f.glkn*hg. pf hostilities.;* there was.. •created 

iipied%fce|-y ...an urgent -demand f^'or forecasts; in fcrcpicai areas.,7 bo'th for. actual: 

- _." "'   operations: in thö:s.$ regions, and the-movement. If .'air-Gräf t through "tropical  

,. area's frö the aetivse theaters*   At £irs% Ttfe^as- fps^pa-iteis "träi^M-änä '.      "/_ 

-.  -   .e^erienced^n. mi^ ^Sf-^XT^"-'^^-, ._-,: 

of our; theoretical ^meteorology and forecasting. iägBniriJiiäs-Aä;_.:4^i?i^4, i.ö_ 

middle. latitudes, were ine.ff•ec-ttial in meeting the requirements, .öf Operational 

forecasting in ijctitudes l.es& than 25 degrees«.    She^ quile; naturally the" 

-most obvious- and expedient development; jwas.,the rise cf empirical. foreea!-t- 

ing.rules, based oh pur own limited, experience and the esper.ienca öf pider 

--.--..:    civilian f.#e;p3S:tihg agencies. £hatrw.ere aireadyl active in the" ar'eii*   2hese~- 

. - .rta3l.es enabled.>bhe f;or?c^s>Mrs. tp meat, the problems 'of forecasting for the 

äfrci-aft operations that: faced them at that, time«T |n this; process there 

.. was. .-a tendency for us t:.o. .disregard praeticälly .all. of the knowledge of 

theQrst.icai_-met.eörolosy: that^w.p _thenv.po.ss.e.ss.ed8. as;, very little of the 

theory -seemed applicable, ip- the problem of making route and terminal 

;^.-' ~. ^fö-r.epal'ts' for" äiro^ä^ opS^tl'SnsT^^ 1^i"sT räT-'eä^ ''-'.-'.!" ':~-'"r -—-'-'- 

tDhese- methods,/ hoV.evff.,. _stirll leave very large, gaps, in forecastihg 

/   .. - - p^5?.G_eht:age3.i..   2.6 -close these-gcps,,   there are two approaches that might he 

/      ' - -r,b\        .. • ' "•". . 1    ' •-" 

»amimamtixsKasisaK.: , 



•Coiisid;ered:-    •(.!') Su-r't^er search for empir..   -     rul.as öas.e_d on i. , '.' tsticax 

correlations which ,e-re hecqmfh-g. loss, and Lest» •?. 'ions with-tit«..    *•" a , . 

search f or newer instruments and charts  that mig.        " rgeX the sat;-    'Xtiye. 

nature of some of tte,se concealed;, -cörrelata-ons.     (c.    * _   Te^ev^lnj&bi::. -      *"*'     • 

.of" our fundamental ~ theories- and :det-,ermining a basis, on    v        a ph^si'cal 

cxolanatlon for the  existing A^eä-%er'iCöhdiS'ions. might he ID  ^B,    3y under?- 

standing, the reason for the empiriGal correlations:-,  it "Become,   vo^  i^i.e 

to. determine, the .conditions- unde.r wM,ch the emiji^'ieal rules do -ni,    ai--. *  '-*, 

and therefore logical coSSectiohs; jför _the ,S&^ült4&g;-;di|g^g.^>c-ie;s ;ca    be- 

JSjid'e-i.    i?Qr exa^le^" Igän erapir.iq^::^l^ .f'rom 

that M;e-»vrpgint alone,. we concec? ? k %0°p"T?%stA'J    neweve j,  if ^e.'c^jgh'f.si'Cä^'v- 

^XDÜi^in a speeifie weather distriTautioh :and the previously es"%iblirshed 

empirical correlation, we  shoi :d "be able to determine when the. ^doSreiatioö. 

is invalid, .and. ma£e. I0.gi.c4l. £ömpensaMö7n& the;ref'rom».. -"""-"   ------ --- 

So that ho significahb. weather producing, force will he heglected, ^it1 r^r 

seems necessary that we start with the "basic concept of atmospheric motion 

that appliTea universally-at- t-he Squat pr.j  a£ the- SPorth x't^le,. in middle^    .- -"".'- 

latitudes,- in a-wash bowl or in- a pitöt.^tuhe*    From" there we canv.-hy cal.Cu?» 

latibn and •evaluätich^   eliminate, the factors- that are not .sighi-fi.c?4#ly --- 

pertinent»,   "" .17. _ \. .    -.,      -.-*', "'. "--..-      -  r.   .  '     ---.-.---_- 

-From Hcv.'ton' s laws of motion,, wlii-gii w« can eensider .sii£f:ici,ehtiy^ 

reliable to- start out basic; reäson;ings' the derivation, of the vorticity 

equation' -may he obtained*   From. ;£Ms we can. obtain-.ah- expr.es p on - for .- 

.divergence which is" one of the- fundämehtäi. factors w.e:rwi.sh to" in^estiga-te  7" 

in order to deter'm-ine- -the cause" of la^ge: s'c^ie weather ^nep    dha^   Issuming 

.  •    "      " - '      •- 2:•"-;--•   7.       "    7   - -•'   .' '"    -''   /  -.'".'.     :'.' 

wmmmwvmmiAM)JU...   *   ^vm 
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.  the so-ienaid factor,  the vertical, velogitias and; friction to be negligible,.. 

Itösjky gives!, the" foliatingegression?.     " "    -. :     -"-- 

•;;;:; ^K^-g^^ .;... '  , ; 
-  . ^ -^*?£t^ag&4" ^;de of ^a^ö-ve- -eäqrof^ba: gives" the time rate.p£_7 

^ %Mäe;:G-x. tüe,.äfb.solSte v^ci^^WJE--^Ä t£e• compoäeät of v^ttcity 

-. given; "by the .rotftionysf :the iar-th and ire equal. tx>    3 HL - gift- j ~S: 

is ,1äi§, vörticity -relative to the -earth ahd fe ©qrtnl to   ^M '   |i:    "-       -   "-."\: 

^^tm^^ricemsskm- Coordinate ^stera^ : '-       \ ^^    : 

.d^Bgenee.    febm this jew*tiön-,  it ^f readily .seen that, the r^te- -of ehsn#-, 

^"^^^«^ft-^^^^V^^i^i^- i^tor- :in iths, ..dtstrtMMQlt,of con-; 

vsEfehce f  - I-f-thef f:M no: G^nle^en^:ci :M^|ge% tÖ-r;ä=te;:of-change" 

;the. latitude. [p. -im%^ var^aMe-, in .fc   Sy^aly^ng: the dggree of -de* 

-^ä«i -of m-äm^xä^ th^ wo^laj3ö 

\tii&^|h^^onv^nce.; : in -ordert jo i^^e.-de^#p^^:*^o^n^^ösft",-- 

^6&&erfts^.a «^ ^iie&n* hsed is. necessary. 

".":: _l"^t.^^--^*^^"Jß^^**B- *<* ^ Key-tewed will :%^©rticil^;: ^r —--; - 

«5 a^äpt ^iPW^ade Wffipp. W this, physic^ «o^ may he .gxprer^ed""' 

.Bsthe^a-tie;äl'iy*,;.   ;- -- ":    ' --.'=--=   .^  ,: -__/-_- ?---___- -';- :-_   ;-   '. ^.       --  -- 

I 
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VortiGit-y -is defined..jys 4 tendency; of a Tsedy to- spin*.    Consider any 

inass at point p rotating about a point, .6 with linear velocity ¥.,. it is, 

apparent  that- one of the components, of ".spin, is the rate of-dotation of. ~     -.. 

the mass about pgint- 0©    Consider direcfion^of'"V positive? r positive for 

cW'°P{3^-9' 'aöti-ön ethd Negative for a^ Iha rpta'tilohai; _.__. 

'. component. j!j>^. *s 'dir-e'ctiy proportional to the linear velocity and is ;in-^ 

versely propcrtiöäai to the. radius of -curvature' r.    Using, appropriate •units.i   .1 

it. inajr then bje. stated that the -component of vprt/i.eity due to- retäti-en is . _ 

equal to the- velocity divi.deld. ."by the raddus-q-f -cUrvatu-re cf thei stream- flpW.i 
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Another fac&sr that tends to pr-cduce a spin, is the shearing'^tr.es.s. 

actiu* _oa.Lth.-e mass:©   If we have, the velocity dlsti ihution. of Tv and V"p." 

to the- left sad right of point-.?^ respecti-vel^j w?er.e, 7g .is greater than 

i^s. (tg, -«--"Vy equals    *V'_>ö .)'-«.  .IThe-re. w-ill he a, t;endi|ncy for this shear- . 

to-~pVpdu.ce, a spin, in_ the inäss. il...   Ihis will ,be reflected .by . a. rot Jbloi.^  la 

'"&• ifepec.if.-ied unit of _ tJL-me,. o# axis £3 to position indicated "by Aj. Bw.   |s,e.ö'" 

J&igUre Xh»5 -_ - i.   • '-;-' ~V "•--    ~~      7    ;-    •---•- •---- 

iJsing :IL a:s"- a cpordina|ß normal to the- velocity V and measur&d. pcs:L~ 

tively to the right of flow;,. -~~w-   will give an expression, for this- shear». 

ttsiag the :same system in measuring this.rotation' as. was .used i:h, -the-     . 

.previous case;;; to- an ;ohs.ej7W.er. 7ä;t po^asdP mö-väng. •w.i.t-h,.±e.lo.city ?* t.-M-s: 

component of rotation- is equal to YMA   .And by p.ons'trüotiön, y_j3; «qjuals j ^/ 

and ±.g equals- %b¥)9. thus      Ns — <>>/_    ...   ghiswi.li;__bV the sp"in~~pfoduefd 

1 _-   - ~ -   hy the shear, factor, and. wil.ihe rsferr.eä toaste i: 

5 -      L    -        --- " ---   «y/-' - -   "   • . ------      --.,--_     _ -.-_..:- —.r-  ^ 
i        TJ

~        -' .This- "~=      la:£he shear of the wind flow across :P noriaal. tij-the 

f - 
i  - 

direction of motion-divided, by the- distance:.ihetwean. t-he two values, of. v/ind-.. 

Measured*. By- inductive analysis it can he. seen that there are no- o.the;r 

"7".      *" _   factors that tend to •produce ä sehsjSL öf rotation in ä horizontal plane 

....  other than-those just- mentioned^ The yorticity in-"this..plane: is equal to 

r - ". Of* 3 5 which is the sum of the shearing stress acting on the mass plus 

- --...,..        the rotational motion of the. mass itself, then'substituting« 

i^ .... ___..._.......     __.__.=__"-' .,-^.    __._-.._. _____!__;:___. -AfL. -.. ..  -._•.-•• ... . .: ;.-•: - 
^ :_.;_.""__'   -This is an expression |n, a e^oTfdinate system that is not- ideh'tieäl 

%t       - '. ~    /with the cartesian coordinate- system,, which is .normally used.    ._.t s.eems - 

I- 
advisahle here tP show.how this expressipn may he given in the cartesian 

i 
M 
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JSoordtaate system and s-ti-1-1- be ,a valid evaiüa-ti.c>h of U&ö-~-sum physieaT 

concept»,   if the ^aseväsous. distribution <o£ velocity is super iapos3.ed along 

•the st asd.8- .such ^hät- V isrnumrrx-cally ÄqjäfeiL ^u?¥is .equal to u_.and 

V2. is: ü.q.uä.L to. Up.;; we should be ..able t:o transpose  _Z   jfi^'intv an. 

.expr-es§^'bn;_iß-_-fh.e- 3^<s.ys£e~mV •--_"'• - _^ • --" ' 

_'- y. -   -- - jj. -;i.-\^i ,r     .3ü_^..- . 

-"• •""" --x&$i%v* 
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-;5er öy 
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In this-analysis.,  there has- beeh assumed a -direct .correlation between' 

divergence and conyer^enee-and.;*h9 occurrence of w^ather;.    .Thi-s," of course, 

•b- 
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is has.efi upon the relationship Detveen öl-MOEgenee/ and -convergence and v,'er~ 

tieai motictu^ ,£n understanding ot the mechanics- .al-thi's rei*^t#onsbiS; 3?ay 

1?e ehtsined^h>; an j^es^igatipn e|' she. cö|Äfeim^^e(^a1>ibn»,    .. ,_ —        ~'l_. 

-%fep.,-Gran;*inu-it y-_,Sj^;t,iogs;-i(.effi."-g,");.- - ...    ~     -   ' — '•"-'_ ..-".".'        •"- _... '_---- 

.. ^Ms_-#tg®.;ijeft :%s Jä|4J§'$^ :aT_^Shej2atlga^ac^ountlng system far the .mass. 

r;nd "gftergy7 in   any fluid- Motion;;, thai 'is-,, it is. an,.«^y.e:ss^önr-öa.sM/np.ön: 

yhe laws, <?f cifntervatioii p£ energy and .mässrin. rela-ticn. to; Gpmpr§ssIÄe= 

%luids.i.    >:   •   ':        f".   -. _,  "•-_   -       - ' V ~-   ---   -   ""--"— -.-.-" ".'"-"-"-" 

"-CS3E- idiV; 
(Z&. 

isB^r 
<?*-•£*>> 

-TIi&''I^%^hani meaher of "this; •eajua&Ph, is- .a. hotätiönf f#*L total &J5£m~ 

genee of" ä" gi^eii £lii-id- mass-: -sometimes: ij-..a--n'ota-tien di-v--. V' is used* - 

ife^:.right-handraemher g-iyes: the sum... of the" divergence, älpng ail Jhree 

äxe 5 of the Xj &v_ and. a ^ppr-.di-na$e- :systeirtj .henee a lb a-me rate, of; --change pf... 

•specific YPlümse    Brpm- this».- feei eglt/imit-y; .figuatipn may:.also *§"• .expr.ess.pd" 

-äs..    r^---._: -".- 

)• 
, - -§# 

<rf L 

""""^SpTöseä-tis the spe^ific xöJLüme^and,/®represents the density»    As the 

specific-volume is equal to the reciprocal of the density a third expressipi 

for the continuity eauatipn is_ ._-,.-  -. ..-_-" -- '"-' ~ ~      : 

•C7); 

IV -S~£==r3f£. 

It is PhviPus tha-t any significant ahsolute .value--of the. total di- 

vergence w-iir he- -accompanied by a change i-a""density.; and specific volume* 
-    IS J '' 

T   ,:'..\.' 

\ - 



G'ohside'r the .cube .&. Is fig (3s.«-:. With positive  divergenice 'occurring along 

ailthree- "axes.*"' 'live fret increase in velocity per unit, distance, -along each 

ä-"<is is; represented py the- vectors extended along,egch respective axis-. _Q?he 

fight-hand portion of Fig.   (3a) f epresents the e^anded -cuBa- a-xuixt. of time- 

later..    Shis physical prptfäyal is i-n^ag-reement. withthe.previ.öli^ ©a^^iastl.cai 

erpfessä'eh showing that föf positiveJvälues öf divergence:,, there will fee: 

dACfeasing- .density v.alu.e.s  and ~.inc-£eäsihg. valiies of .specific; volume-.. 

" This Ccnsiderätion is made rosing a -vafyihg density fac.to.fi.    Sonsid'erihg 

the density constant, makes  the analysis of; the relationship he-tween hprison- 

t:a!L diver.gence- and., vertical motion mere .appaf-enti 

&P- iß)     &\fS:-.^     xu 
':' ' - <?*•-£% 

— :(B   then -m j. g-v ^^ ._.- & 

-,- -: • —-•"••   -   -. ^F"-r^y- •'- ":: ;^ X : 
V/ith- -the^density, .constsirtJ $. the value' 

S.f" the .tp-tä:ir4'i^|rgehse. .must •equal 

.i-erjeu _ TTrom this,. it is; apparent, that 

•with- -haa-izontal - s-hrinfcing .(negative- - 

-divergence")':,  and' with; total divergence ~'~~- 

T-"-TV--rT        T 

I 

equa!to; iiil,..'th'efö müs^tr^-vef: ticalV/l 

stretching to- maintain^constant specie 

- fie v-o.lume and. density.. ; 

-i.lT'öf example','  consider the fluid,_ 

h'ori;z.on.tal shrinking, (negative divert 

- ganee):, the density is- constant., land.- 

I~^i 

-A--I- 

%^m * :t —~ ;:#i| - -£*&$•- 

•/     \    . .' 

};. TU^H = t    -TfM£s_-$+At 

i?!Ve-total divergence, is equal to zero   L 

8' 
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t.div \y^"'Or')X"then the horizontal ?M^;iii|.P?lie tg.l;anGsd~fey Tgi'^ic^i 

Ts;t/ret:cbxng* -   -'- - - - ". -    - 

In sxamax^y^tih^aX convergence will accpinpany horizontal divergence 

?oüä j*er ti-cal dlv^gence will •aCccmp.äny\Rai±yoni.älc.o:^^eT:gen^e'.<,.._  :.... .   . 

^m.mm^:mmitm^mm. 

3-y -TD-re-gMäg: 'the aiy'ergejiag-e^f'e^sirsn into üni^§,,. .fee ej^esfi/on. iä 

r& ^ '^r ,-, 

4- 

öMaineä which, givgs i~ .äs;.-ä final- unit -£'QT divergence 'ftnors. f~'^' .shöti:.d- 

hö-t be -confksed with the t^ unit used .for .measurement ö-f ääigu5iä;r velocity.); *. 

-Some aufeprities retain the units ;öf'distance in the express!oh for purpe.se 

-af- /eiär'i-f iQä^tfeön«. . :_j   -     :--:"-     :_ . _. V .. "      _^_" ~ ." 

- - .     For- exanple,i if 'fee- v^Ju-a of -^.5*~'+ is a value given fe determine; the 

rate- of diver.gence.j  it means that particiys.-bne: :(.l) meter- apart, are cph~. __   . 

verging (note. the sign is- .negative-)  at a rate of five^tenths- meters..per 

secondV...\'It: is readily .seen that fee same value äs Validj   if a different 

unit: of. dlsitajiee_is_Meds_as long_,as .the -unit used tp\4neasur.e the distance- 

.in,.the; denominator is.,the. .saaeTäs the distance unit in the velocity measure^ 

-mento    That, is.r~the.: valuejöt- di-V;.ärgenG.e given abpye .Inpli-eä 'that, part;icie§> 

that are one ..(.l);_mii.e apart,  are converging at a rate of_ five-tenfe&jsiles^. 

.per second.,    it is obvious that the eönv-ergenee valuö given here is much 

larger, than is ever observed; in_a.tmpspheric mötiön0   -------      - - 

"V^Jig- t^)I gives" SOEC" of" "the ranges öf jsönvergence and divergence 

commonly 'Stiserved in the lower levels, of the atmosphere with the approximate 

.„degree of.weather that should.-be associated.wife that value*. 

•'St 
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%iue^pf 

l-r.O,«O.ÖQ,ÖQQQl Säe^S 

or ^IQ"8 sicr1 

Approximate father.JjEa^^sJNyy 

"•~o0Q._ 001 *P -ÖsQÖQSl siäcT;1; '-Ll-ghfr -pr-.erci^t.tgittori^ 

SJeavy pre cipl&ätiön 

ü/QüüUOODüX;- issc. 

or lg';9 . ec h 

;--T 

«sr 

'Vö'-vvtr    =1-5 o"V>*     gviTj <*ACLOU£~Q 

fcpder,atev subsidence; 

ITpt .~ that i^^rä;^^7in&^^uä¥^"i5Ä^ whether poSip.ve- or.ne|p"ive~ ir| 

se small,  that- it has: very Ätle   .nfluen&e in- producing7ei-t&er. subsidenö.. 

;or r^reMpi-ta^iog;,- änd i\t-requir-as- divergence of .an order.of magnitude of - 

.--ig-5: ^;,~||0-;W .produce jyertijal veloc.itiöa great. Enough t.öJ4>rödujce even 

light pr-ecipitätiön,   .Eor what has fbeen defined as heavy precipitation tTT" 
--  " - ^-- --       - 

öccur"irth¥ Magnitude;of= the divergence: must be at' least -10"    sec" ?- 

----- - If---tM»sj^lue-_ seems» very -small, i.t must be,fr.o,rne_in -m.ind_th.at the^_...__., 

unit of time-used is seconds; and that, in considering hours, as tMun.t?§-' 

the numerical value given for the divergence will he increased %-ä 

multiplication factor of* 36O0o: _ 
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These. appr'oximätiQzis were^Dki.ä.%hBÄ by computing the .äräoiin-t--.pf ioi;s fcure. • 

that wquld^ precipitate- out ,of .aä.Iäv-#age 3:o;iü2m-.^af "maritima-tropic airJF:.—-.   . 

with various .amount's of stretching of that coluian,._aM-Comparing that r-esult 

with iha amount of coa.vergen.ee required, to produce that stretching, within _at^__ 

.specil'lc length of"time*- _2h'iar ;of course9: is made on the assumptionthat 

the" vertical velocity' at- the 'surfaöö is z/er-Oj ""ana that the layer i-h which  ; 

the, cpnvLergehce. is, t.äld.n_g...pSacä is. nex-t to the s,ur.face«>.    it'is. .als:©.- true "that" 
- v   -,-j    .--.- ---:-   -- ----.-•_-    •;-:"•-"     •:     - "-;---   - -..; 

the greater- aapth of tne; l-ayer ±n which the eony,6rgeji.c.e is occurring-, the _ 

greater' will tie :the ver-ticäl yeiro-c'it;y at: the. top- of the. layer» -  - . 

^rpra.tfeifi ^cpnsifteratiph,. the. greatest: Vertical, velocity, in. ,a. .column :o;f. 

äiTy that is. 'haying. poh.vergen.cS :taBfihf pi-ace- in the lower' layer si_and ä 

•spilii*hg":Sut-^'five^gence^' öcöür-rihg in the upper levels;r wöütud he iä the-      N 

layer where'- the-convergence. _^a^ges; tp. iiv-ergenGe»    This is tr4iev/b:ecause: 

in .ä positive .directiPhj; the vertical velocities increase" below this level 

•and deef-eäse- above it a _ This, layer is- devoid-of any convergence- or' .divergence 

;änd. is-.-r.eferred -to-:a'S"the—ni-e.vei-ofnonr-divergence*.'*'' .__    - 

•Oonsidgr thg hf^pthetreal.Tk-ir-" eoipmn~-in. figtlser'^^:)" with horizPht.ä3: 

-cönvSJJgence. itäM-n-g placer"between." a^ änd z| j  and" horizontal divergence 

ceci^ring gbove z^e,   Assuming negligible changes... .pX-Aenslity,.^ve.r_tieai„dfe 

:vergehee-mW-t e-xist h^tWeefi^ZQ. and Zä ethd" vertical" convergence;Tabove z^.. 

Ihe vertical, veiöeities- ät" z^ are. equal to jzerp andwith vertical d'iver- 
- <^W   v.    ^ 

— gence "r~rr~: j: Q      between ZQ. and z-*.,  the. .vertical veipeities increase... 

I__.   . _,.___.;__.. -:_-_-—*ith -hjei^t^.;^ 
^ . ,,.--.. . --- -     •    - -    - - -    -^ -'—- — —-—--- -   —      — 

fj . Between- ZT and:zij. lies- the indefinite layer in which -there is no 

horizontal convergence or divergence! ~~- 4- 4-^- ~OJand the vertical di« 
"-"""-:        "_ --"-"•-'-.,-; Ux    $y   J      "": _ 

: , '     verger.ee is also .equal to zero/ ös/*f - Q  V,then„t;he vertical "velocity a"t 
. ~ . .—   __--•-• V^2 . ' /" 

11 

m 
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%-, $'s equal, ts the vertical velocity-,fit. z.h -ffi- equals,, w^jb " '.:.: 

.With- the" verti?^!~ ~Gömev-0fiCe•'•^oy^r^^^l^^^-^v^t^ks^kcs^' 

vel-öe'iti-es &ecreasy ;withjaeight^ jheneex   w^>' we-^ wg.   .« _.._. *_.»  «. * -.0. ^urfrh&r 

%-'C-Wii|-< v/2-<['ww.   a   wk^Ve^^g    <,_,,. .   i.~'.' 0 •Keaee- the .maximum vert-iqeuil v-eip-_ 

•cities in such ä column are between   u ;afteb fiu (the levai pf non-divergence)> 

    .     ._.  '    .      ..Belliaiy-.of. the :fe 

j eäpressvipn for the time rate .-of change .of di-y-ergencei 

j     •••-••..       :-.-—:..---;- -;.#tv~-        *ä- 43£vi¥"|te)+^« 
I I"- -.- W." -.-^-7- • ^.^^-.-•;:;:_-.-J: -_    ;, ~.__;--*i^-.j|£ Tl.gft;:

v'::Jx ;•_,_     _ 
3  .... . .  This, eqiiät'iph. was .derived, ih Bellamy! ss, a and- z coordinate system,. 

".'--._'.  where- the e,§xis is. par.allel to the- horizontal, -wind, component and positive. 

! ... - ...__-  inthe directionöf' möt-iöä. The z axis7 aas: the same direction, as the 

acceleration of" gravity with negative values. toward the center of the 

eairthi "The. .a :axi:s 'is p:er'pe.ndi-cul-|r: t-0__hojth s and z and is; •measured ppsi*- 

ti-ve.Iy to the left cT flow (nptTce that "this ja, h 'represeabätipa is some- 

what.•differ|nt frog.; that; mentioned earliery in that here, dn^> 0. to left 

of^-fioW instead-of to the- right)- 

(-12) ^x ,'  ,:, -/  :=__  rate of change- of the horizontal di- 

 verge-nce with respect to time» When the_ 

«J   value is positive' it^hälcait.e.s: in- 

;s 

creasing divergence or decreasing, con- 

vergence which Bellamy calls  "diverges.?- 

|| :.   .. sis;": when-the value is. negative* 

---."";.—-•--:—       ";- - .." L:-„7     " - " —". ^l"_l.i-   -is    --  —    - -    -  -. "=:— 
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_ _. _; ae:e.i'eas'xhg divergence or incresisx-ng con- 

vergence i-s indie/atied'.; hence  upon^er« . 

*•'••-- "-'"-...•."----_-• -_   ";"35^~-"-e|:iir'efgerj_c,e"".öf tfielaRcelera'ti&r.-s^   ShisL. 

.'states.,, .'that, with a.pMiifc&e: divergence- 

JK? the •äegeie-ratioris'-, :äs-y"-euaireiit-"äii«- 

v^rgervse- öf the"hpVi^pM-äl wind .fj^e'JTd: / : 

will incr-ease.*- ähd a;ny eenv-är-geiiee wi'li 

•decrease.. ¥ith--negative div-ergehee. :" "- 

(convergence of' the äc:e.e:l:e;Eätiöns.,.v..ahjr. 

|. .__._"..._; """!._... ..:v"~"  "     __-:".--T-_:.   __;        -   -_ - - . - -   -   "d"iva^genbe of th-e^b^z'o^t'ä^l-^^i-ndV-fieitä;-- 

------:- -•- ':"----—--—-- -—-----  -"- -":-'-- -:;-;-;7---;:--:.:-;--Ä de.eiieä-E:& -and any eöh^efgefi*ö MiI3r—- 

1 .v^V 
-;-xn:G-rease:*. 

rK)-  £.•-~~  v  —»-=•- ^    tw-ice the product öf the  shear ähd.-- M% -._ .._$£ .;._...     ...    '       -.-—-------- 
3 - -••_-" . - curvature- terms  of the; y.af tieity ex~ 

I     "-.     „_       _ ".."."......-..;""-..,--"-"- .!___":".-.'._"!._'-:--:.-;..-::-".,:     iv -' ----   " -"--.---"-- 
.=1      "" "." "- - .  .       .. -.-----—---- .;   -_--• .-  "-   - - .   '   pr.essione:'~J- ~    the shear and 

"-" -       — ..—-r^.wnerß..   jfi. =r„r.adiia:sfi5-f- 

-_"_-__.-   .     .,.-__   -.  „.-;._-...               curvature, öf the-.streamlinesv :I€-t-he  . . 

- _.     - shear and the curvature have th"e;"säme: - 

------ - -    :                                                 ..       B-i-]Si_-(i*'eg hö-th cyclonic or  ooth.anti-. 

cyclonic),   the sign of product is pösi»: 

:-----.-        - "~'—- - ~    -   -   "-  -                                              tive and- imp-lies that.'thefe-will he- 

3       ~ ""    .  - .—__  '_ increasing divergence with time or 

Sj .--        -__      --- ------ ^   "diyergenesise"    If the-shear and cufeva- 

j3j """_;_ '              --'-~-^--: ' -iÄre have opposite signs (i.e.  shear 
,|         .-.._      -- -• -;                  --,  .__-:•--               -    - 

laa     --   r                - --          .                            -                                                                                                                         -        -- - 

1 - .-        -       " -"I-   - ••- - -   -- - --•-•-r_-e- •-   r.- -  ...... .- _;       -      —    : 

«a- 
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I •":•- -:  .-:.-   -.-•.;._, ..--: "   ------ - c 

än$icyc-löni-cj aad—Eä&'iii'fe ö£\.cüi-vat:are~/ 

•eyc-löhi-.c :ö-r shear- cyclcniffjahd cürv-sr»-. 

:taiYe.-ehtltcy<*lör4c^j  the sigh o-f tÄä'"  :_;;_ 

ßip'Gfdiiö-ti;-wiii_j&B. neg-aWYeT. ijidi.Ga:t-ing 

•de er easing, divergence -wi-th 'time: ör- 

; ö.önver^enes-i-s-».     ;"    -                                 "::.' 

.Bellamy gives the f oll owing iphy&idai. 

--thter^retä.ti?ön_Q£ :tM-s _ fee^t jJt:g}r. .-;.   :.-.-.. 

-M.0BÄs4;d-er—a -field-of'-öio>ti-.Qn -i-ii v/h-ich •- 
%v      &e><    ----- -------   ; 

Sö.th-3_^ aää --v-^-J- jar-e negative (-see 

footnote.,)- tufb a-s. in--the- fyö-liowihg:.. -. 

—-       - ^ 

1"-"-" :   ;- :-"•:;.;;..:-^-._...  --.. "..   .   :.-_-_ . M timcl-O--  - -• Mfimeiz-M 

—              —      Since, -there -is a- shear" presentr—- 

parcel A will «catch up' tc some parcel, 

J-~;:      ------ ."-"  -".."'.-- ""•"" such as "£, originally in front of it, 

_-  _ ..._   ,-,.-_-.,..    ._,.." so *feet| since there is also curvature 

••:---.     . -  • of the streamlines, the term V :P,.- 
^=-—.&Q., 

3 
• ' "•"   '""^s "become «ore "divergent.    To a first 

||        "•   ~__  "' " "..  •- •- approximation the .value, of   ÜL»~.       ha£ 

|j" "       ,- -'--:..:   .!;    FoQ-taoter    "--     —.- — -:   : .. . .— 
| ~-_ .    __. ' (ITo-tics Bellamy considers- a cyclonic rotation to he negative*}.      — -; 



not. enänged. under -thes.e cqn§i.tiön| s;ö 

that there- is ä tendency fo-p dci*mT.gß_n$~: 
- -  -    - -  " \ 

sis» ..Tt Jis; JJTbY_iöSis: tfea-t :exaetly the  

same c0ndi~t.-i.oo" results i-£ Täcit'h" 
" ;Y/ .<gS:Ot_ ^   ••- \,.-_-. -,    . " • 

.and;\/ </, -   • -*»~T*>- nositdäyes-,-.— -- 
d-n- 

0 öhsi'der: ä - fields - -of - moti-oh. in 

%M;GH %=—?•__ ^sÄegäti^e and 

 ig; T)G,&i-t-i!Sie.. ^ito}a_'äSi_i"ii_^^e--Jfi©.3i332iäLn§=^- 

3b* £ &G- 

& 

^ Ärx 
K/ 

Äm^iipfc .m«jL.^ 

Singe; ti^ef-e is a shear .p.reseni.,r p.ärcjl: 

k wi-hh ^oatch up;'; to some pafcelj, suc§ 

as Q't: origihaliylih. feeht \,ÖX i!fes-: ;so : V. 

that.?, -since there is als© ä. curväiür-e- 

^Q^-Jthe sfcrje.amlih:e;s.,.. the term.. 

8 

•Ö'-Ö 
will "become more, convergent«-    S-inoie 

W 
-time under these—conditions,   there is 

wi-li not change in ä very short 

ä tendency f:Or Gon^ergenesist.    Thalsame. 

±s  positive. result agpli.es if -„T;-,-..-f. 

and ^L     is negative«. 

as» 
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C.i5):-|:l '-^~ j 4fV^t fifche-s.cn;iar.e of the rate -of change of- 

._-.-•. /   .. .   velocity Jin tie dialect ion of motion. 

"....;;/' .._ plus' the .squarei"öf dägfee öf deyd-aii-o:; 

•:of _tfe strearalines. fron. .parällelisn?. - _:_ 

represents' velocity -div-ergence 

V 

.ddyirgence:,...-si^iicrg- the\ terni- iiy.üi\re"_s_ Sie 

and-   V=SF»^   represents." the dir&cttonal 

.säiiißr-ö'S-!ö"f' theste.- y&l'ü.sisy any ahso-lü-te 

ß'ä*4'l#'itäti-Qä of ^ithsr er-:feo^th^-re-gaj-d-- 

igss: <o;£sl-gnii. will give-j^sitive values 

within the brackets or negative: vaiü'ö 

fsör the ehvtire ter^-:    hence *. Mävepge'r.-. 

- es-i*.So, _-i-i-_i        _- __ __  , - -_       ,_-- _.. _ 

/itLfeg' product, :o-f the rate; of. .change -.ö,C_ . 

the- yertical. yelö"Qiti=es aiöng the •&. 7 

~ 7"- T "_"." .äxi-s- ?.hd the: rate of change of' the B- 

;..""-      -    - ftiföptiQ^" velocity along. tho~ y-eft;rcai;r   -.". 

-7-—- "'• •_.."." - "_-   3f-the's-e Wo- yäiuesj hay^the same §igF7 

 .-- -. - ----.-.--_. .tSere—i«dri-i~oe--ä~tjend:en^^ -conyer^r"-••—-• 

""__""" - '_; - .v. --.:; ngenesis and ^th;:öppösi^ sdghs^ther:e: ^v 

will he ar tendency .for divergehes&s-*----- 

h-tk T 
-^—~-=-- :^he-vertical Velocities _al:ong. the.,n_-. 

-i - -      / \-   --:;-•!_     '-_." .-'-"       - ..._..     -axis,  the velocity along the "s axis, 

-and the rate of change:.of:.tfigi wind.."."" 

: - -  dlreotiöh along ;the vertical*    if" "the 

7* Hi 
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rate of- .change of the .ve^tSyJäl component 

_.äie&g_ the -a axis. ar-d _the_ rate 4f ehange. . 

of._ the„wind dire.ct-ion -along^ the '^Jct&eal'- 

have, the same sign-,   the result ass- -di« 

vergsnes-is-; _Mz -theyjaaye. J;fee~o.;3posi^te--- 

•.•s'ign.,,.theire -Mil lie ä tendency for 

co.nv>er.g"enesi-Scr   .(..Consider a- veering 

*ind. to: be. positive.-)"   • 

Ei'rst 'a^pr03ciaäti-on:s suggest that "the .shear -curvature :te-r-m ;(;see 

^ " -elation 1:5| 'has- -generally •& greater' order of .magnitude than the sum. of the 

°£^lör tefiöf when froth theshear ;ahd •cüryaMre |rav,e significant values-,?    it 

-   ~~~~"~ ~... therpre;.s.ent Time}, witl-i tlid V^-r-y ii-mitedamount, öf work that has he en dene. 

."/,... ~      "..' with this/GO'n;ce.p%. 'lt^seefea t'hat shear velues greater than eight  (.8-5 miles 

per hour per~T^~ hundred (200} miles and radii of curvature _less than eight 

~''~~     '.'-'     ."  ".  ^Wi'ä?-e.ä:- tSÖß.). m-ilesv,  are sufficient  tö wä£ränt_.a 'eönsideratip.n Pi  this term 

-  __-    -=-— -   :__ -      -   -ji-& evaluating the. time;, rate- of change r-f the ho-M^^ontai d-ivergenees- 

ä—-. ^7""_..'"'   "_'_-      "_-_._''_.    ".    --#hv;;cgnciusion, made from. tM 

t      -        -------  \feogizQil»äl. wind f?-gid is pertinent only tö ; the -changes of diver gence jand 

____;_^__    . convergence and is- no-t necessarily -relevant to tho^ current weather distri» 

7'"".._"" 'M." ... Sutipn?     it  is paViously possiol-e to have marköd:-divergence aiid^cehvergene- 

-_ .... ,'-.sts.;a-CGurr£ng. .simultaneously <T   The proper" deduction "is that the'-divergence- 

- -..-_ .       _= .-      will decrease jtfith time;;. .andi._ if convergengsis .sontinu.es,  vail  öepome cprj- 

y       " ..   " . .__\       - -  __X.??£ei1'^e'  ^Similarly with eonvergenesis acting on a f1-gi-d of convergence^,._. 

fj    _ _   "-- -the converge':re'e~wiII; inc-reasei with divergen'esis^acting on a field of   - 

|              - . ..   .convergence,, the -convergence" will, decrease.;   and with diver genesis acting or 

' '.;'•" :~: .  "                                         -17    "•"" 
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.a field; öf di^öEgÄuce:,,. the dMergehce will  increasf.» 

Sallamy also points put for systems  that ? ?ö aoviing in direction 

o_-ppGs:io;g -to_the_wind component the effects, öf •.s^..ear«eUTV:ature tprmwill 

p-s. reversed«,  .Jfcg. 'tMs"_di:'s:cö§sion. will be cöÄcgSiied jnai^lylffithEasterly 

.'."sv-as., which are -systems that mövel/ith the- windy thil fagtör- will he 

negiected-e. 

£.he---epn>id;era£i-on of the' sheaE .curvature, facto.* VahoulcL pfedve; -fairly, 

helpful in racing operational fv.Wc&äW'y- however,. it is.- not .intended, hero "to.- 

give bh& impression that "this factor, used in- an analysis., 'is'; a- ,rc^r.e-a-ll'"; 

for .forecasting tropical weather-.    In fact*  the tsituätiöns, in .which the- 

shear of the e;ur*ature observed are. too indefihCte to f öfm any" cpuciüMöris 

Of .their -effect, on. the .changing; Weather: intensities^. wili^p^pSably. *?£ :!?pre. ^ 

numerous- than these, in which this •cpn.co.pt is. applicable«:   <How.e.ver s .it: i& 

believed, that in -many cases- Where- there, is a. marked change lit the- 'degree, 

of convergence within a forecasts per i.p_d>  the- pr.esBhee. of. the.- a£pr7ömentipn;e& 

factor will make "it possible to- determine this- intensifie^tion12. to .^ 

hpU-rs. pr.e3rio.us. tö; the .change.;    Hp.re wi.ll.l5-g ,s.aid.-cj5neer.nin^^ 

application of ^divef genes-is Viator in this; report«,    tt is hot "intjnoed, he-rei_ 

•to deliberately -neglect  the influence of the. Other;'terms'- in-3ellamy? s 7~=- 

aqUation,   but raereiy'"tö-_.attemp„t to^jävaluät #• the one,that; appears raost- 

pertinent- and api-)licable-i    After more- thorough, investigations have been 

made D;- this and- other" interested agenciesy there "Will .probably be some 

i'eportsjjiör-e Qonroreben&i^e in nature--and- broader 'in--&cjope'--o;h-t:he -enti.-r.e-- - - 

. subject of div-£rgenesis« 

-^«•HBaäE^sBHasE!^ffl^»«E:ii=s!=£SSffis^=i:=S!aassesS!aasoia« mmmms^^mn 



^^^Gä:^m ^^wsmm 

%p-i;xer. in th-rö report She egression» 

was "gifren"an|;«al^' -fc H yäi-4 gäc^i tjif fe£l-g.«|äg ttni^^enftt " - ". . 

:: ^^^^lÄ-Äc^öioa^:'^ _ ..^ ;  .--       '•-:.._. -__...."_' 

••/ .;. i'^'4'.._»s'giig¥DMJ€ri:c4£.o"n. "   '""". -----      •   .... ...  - 

4ö|   s-mfc '^ifnQ|d;'#aetörk r \; .:..--"   •    .- 

TM-S:. equation .e^r.asaes a reia-tioiisliip-'bei.ween hö.r.i--z;6btäl dW-esgöndö 

and the: t&ie\ rat© of. change öf the ab.söthifre v&rti.city f %' # "^ )   ".*    ff there. 
-| •   - • - - •• .  -""" •'-- -*-      _ r -•••    ; 

rs no/hörizontal divergence.* ..in-i§ir.gtign of the- ab.övv equation yieMsl:1 

-**%   •    - f"-"j= T- j. /"7=. -.rv~~-~" -"  - -- • -   ------ 
-   -- —  -      . - - v ••'*•.--'- • - - . - - -    - 

.FröH, equation CB     ^±  2  =4 $L 
•'"•   •••"   -:'-'-—   :      •f-Tte-'^/;        •'  • ----,-        "_.^- 
1h 'the- in-ldole of ä fcrqaävstr.ean, -  ^ Y_ .—. •£);     ; 

flffr?hen;  f 4,^ .s; |C -    5n ".      :_--.:  -.._..- ".        ^ 

JWv thia;j -äputr.ing Maädy 'Sfete- •Qp.ndjttiöns.,- ihe >:ö||wi-ftg^äna$jrs4-s/M -  

•trÄäeetofies^glin--Tj.fj";jäade.»-,     .      -"."_;"' "::'._.--    '"" . - r -=-r-^- -    --;,-TT: 

.£t- point h. in Üg* ;|6| -the .radius; of ^ry/a^lT^e-qf She :si>seäiitiiiesrvi:S' 

^i0^- ^O'LinfinityJ.slight iine flöw)^    She.- f;to i& Wward. the. 'nkr-th;; - -^"77- 

thö ¥älüs>öf -f is incr;easfe;and f"•+• §'  4 KB; then | wÄ-deer-easeTöf hew 

0935©; ant.icycJJ.prtic.i    The curvaMre. %-ilir.-aantinüe_tö-äecreäse--'(•'beöQHe-Tr.ejFe  

.antiey clinic) as long as _there is any Grogs.isg._-of the lati-tu-ie, lir.esL ir-oia- .-- 

ro-ecth- ta nörShv-  The- i-öefeäee oT antleycOlonic eünfature will, tend to dofiect 

-the.- path ^ire-^d-nöre i-niro-'frhe^east-,  decreasing the southerly eoiaponent. 
\ .; " ._.___.. —  ~.    _ , 

,S^entüaliy a*.sone pöi-ni 3:,; the flp.w v7ijl be froa due west and will he        :- 

curving toward the south due to the antiqyclonlc ©ipl- -that has been ac^u-i-red- 

-     -"-   "   • 19     -    : .. ...,.    ~   .-- 



iäf'tir -this ppiri^j «Itb. the. pes~ül.i-ing: •nort'fi.eSly./cpmgbnents theie- will 'b.ä 

decreasing latitude values- with: t.ime.|. therefore increasing, values of -|? .0 

She ähöö.lute value of thenegative v.öEt;i.city. will, decrease* or the "--'._. 

" L-~y'-l'7Tl:--;\- --.Li -/'Tt-fe- Ä '•-     --- ;,    -  L— 

_4PU;iwatüf.e. Kill become less .anticyclpgiö«" This, process, will continue as 

long as • jSEe£^ö\r  is-, toward the south.and the. sign •of the_:cu5,v.at.ure.vfiil 

increase, to; zero :a£ s.pme- point. ,S? which, is. at the' same; latitude of ppi-ht. 

4». .South s£ jpoircfc ;£ whöro the Vprtiöity. is^ätill increasing, the- curvature 

will become- positive ^cyclonic)./ and the northerly component will then 

decrease- a:s the cyclonic curvature increases* kt  some point D, the flow 

Wal.l_,aga.in become westerly and hero the cyclonic .curl will tend to. deflect 

the particle, to the north and thereafter" decrease the cyclonic, curvature», 

Ä.t_SQ».e- point E (at the same latitude of A. .and p)-  the value "elf g. .v;iii. again of J* will 

become~egu&l to sero©    The ppi-nts of maximum ant.Icyciöh'Ic and cyclonic 

cuj^atur> will be, at .po.lnt.s _B and B'respectively .and the points, .of straight. 

1 lite: flow äre at A-9 G» ändjE»    From this it jis obviousJthat ~a •perturbation 

in.thre-'Westerlies will result, in a series p'f stable sinusoidal waves«, > 

~ln the easterlies this inertia component produces an unstable pattern 

20 



•ot the tir-.äpctörMs.e.. Sonnidör- n-4%u^r£tafcl|r rtiii,i^hfe^iiiis ~£1OL: -i&,iü. 

represented -it point. 4 .in ?i£.„ 7-.    1^i&--tir ±s^m±nt%miOjrd the north 

rifi. 7 

- INGH^SXNG- 
*Np~CYGtGKfe' 

-t: 

V 
\ 

W •^ 
•v 

:F K> "% €/  ^Mf rO 

\ -/*£=£' \ 

/      \ 

/ 
A 

\ 

X; 

J:bOiUlttiiJ-Jl;iiUr 
V - 

""'-.»Sjia?^-'* 

•GYGEGil-IG 

.^nci v.ill tend to' devtd=op riiticyclonic curvrtWQi  Thie -tendency T;Ö1 continue 

."?sL!lön£.f-o thc^gctk it; in -tls direct ion of increasingIrtitude;,-* The "     '"" 

Hft^d-müro anticyci-orÜ.c- -curvt:t.üfG \>ill öcgüi- ^-t: oöme ^pöint B -::lv~ic the curl 

has c:..uücd the prth tö be directed froni. due v.'Röt:0 At thie point the p.Hfr 



is; ä'oO>ect.e:ä. feie, the- söüth' % the- ,as/<Tuired anti-cyclonic ?uri and „the de~ 

c-reas-lng latitude Values that result, 'will he. accompanied lay a decrease.'..in 

the. anticyclonic -crcirvat'ure,    The anticyclönic fiuryatur.e.-will continueta... 

de.3reas:S as l:png as a. particle. Is moving, from the north .and at. some' point 0 

which is .at the same latitude äs £oint. i:,. the value; of ^ will again feecöiäe 

egtial tö zero*.   -South off point G as. the scärl is continuing, to iner.eäs'e the      * 

curvature. v/i'Il become cy.clpnic äs the "flow is; .'toward: the s;o.ü£h>.    This- i-n~ 

•crease will •'be terminated at .some point. 3D' where, the) flow ajällä- becomes; west-* 

•Br.iy and has .a %ehd.ency to., "be, $&fiie.c..feed into the. north- 'by the äcauired :cyclphj. 

.curl'.    With this northward .movement,., the •cyclonic Cxirvatsre will, decrease 

jsnd. hecoine ..g'trgight .line, fi-e^ ä:t §pmej_ppint•$'<> _ jTöti-ce that. "with w.ös$0r.li.es 

;any iiicrgase- in the -absolute value of the curvature, term will -deer-ease'' 

the: :cro:ss- latitude component of the flp;.% thereby producing, ä^s-tahilizing: 

influence- on the wave formätienö    In. the easterlies-,, however,, any increase 

in. tshe äasp.lute Vältie. of' the curvature^ 'term will Increase the latitude, 

factor •&!).& thereby tend, to- produce unstable systems as:, in Jligs fl).« 

. - mmM-M .B^SR&MGE: m. Äibysef oalss, 

..       S3^rieace- has- -shown that" theLäctuai. traj;e et pries observed in the- 

.. .^'Oil4.5§[_aji^e2:pfl a_ver;y.different "ha'ture"f reia ~th.6_"the.ör et icäl" t ra^ectori es '_" 

.sug«e~s1beä _by.|f.igsQ% . .lit. firs-rfc*. there .-may^"ibe._-.£öB.e-\tenden-ey to doubt the 

-validity- of the^vprticl^-ei^ä^ipnv   i!;t/räay-_ b e; mgre:-practical;^ hcweyery;.£p: 

. •r.e-.evälü'a/.re the' previously' made, assumptions 'and determine if any of them 

ar.e significant, ehqugh.tp'ej^laintlxe' observed deviätion«-- 

ITTTTTwrriiff-rmt[«iii»»imm•• iT-"-rnTTTfüBWriMB««BMWf- ffimfkjr;riVrfai".~,rrtr,: ,i gfeauraaaaw a 



'Of'.••jJ3> the factors,  f!^ wer-e aseünie.d negligible.,  the horizontal  . 

diverge, ice appears-.most likely "to'"be.'one that:, would have the greatest in?* 

fluehce.- on. the. time -rate of' change :öf the'-reiativ-eT -tiort'lclty» 7" 

. _•. •   "If such a. rel^ationshi-g. heiw-eeft divergence/ and traj.ej3.tar.ibs satisf ac- 

^.frb^ily .accountsf.or•-";ihe;.4ey-iat..iin- ",6,f..actual-.tra^:ö£ij0ries_fr.ö2i^ .inertia_ 

•;tx^,eG.tbries}r it seems ohviöu§'t:ha:t:ah' investigation, of weather d-istrl-  .. 

•hution in- con^une.tioh with the. past j&d"present,..streamline.' äiialysis;*. would; 

he. ä, tool of läefi-niie- fofcacasfcing value>~ 

Coixsi'-do? first ah Easterly .flow, with an infinite, 'radius, of curvature; 

of the streamlines;  this flow- would of CQur;s;c contihue to remain,easterly . 

.(tee äG: f-ig.-fa^-s- If .the__as;si%5tiphs. xiacte: on page 19-were valid*- -Kew.ever;9.  . 

if a. field of. -divergence is superimposed oh the easterly flow»  it would 

.definitely'.r,f.f;e;c"t the -paths -of'. the- air' p.artadele s-.    'Prom equation-;CÄ« 

Ir- j_^s—j- 5^-^y^diyergence).,. _then;rrp~~. ' ...mus_t..he .negative, iflpw. P.e-....  ... 

.pöüiitg anticyelönic) "and the trajectory .would he •def.lect.ed to the north as 

indicated hy iE in Eig.. %B$i^rti-~^±.^ ^^tcohvergehC^8.S3 <f Q-    ~" . " 

•and. particles .-would he. deflected to the .south with ey-.clpnlc curvature being: 

set Upe -"'-j-~: :=:~~ __ --. ":     -"..--'- - -          

when a latitude factor is introduced as in the case of easterlies 

.with -i .TO'-'.'t.aferly o.r_..southerly cro.nipo.no.nt.,. tl-ie_.analysis "becomes a iittle mprf 

In lig» {(.SD.) withe, southeasterly-.st-fe^ 

taking place:,   the latitude effect; would tend to curve the pärtieiea more 

.o• •    - - - 



into the hcrth Uee & in. fig. -(Spa*    3&»_ hö^-er,  it is-ohsarved .that the 

;so:u*h£asterly straight-Ä '*!»'.#!*"^ ^co^ ^tcycipnie ^t ^^^s 

«t^i^t-line flow.  th^_substitut%ig::in the vörticity equation,,-JJ- >0 

.....  ^ _n thenä-^ÄS-   pis-Che less thlÄ z^erof -that ¥av "cöiSMüa* ." 
d;t dx   d^    __ -.: ,--• -.- ,.'•-.- 

-©stö* is tafeing .»fcacs* p.^CT.entahg. the fW? $im^cSfflSöä anticytfronacc--__ .. 

ta#e- AG. in.Ei£» $8M    Xn. the ^e^^.ffl^Bi4W'^ indigo £M tha - 

•cöiiYeirgenGe Hirst, he: es-eh. greater-aV the. acöaireA ^irl-ips5 Qlb«W ^o-that- 

which tföjäML ?e prpdue.ed "by ä^atitüäe; effect al-ons»    Bi^örgence securing 

with Bt-r.a-ight-ii-n.e; •5.pu^aster-ly flow will- tend to- 'cause the- flow to- ^ 

" cope -&Äcy.d#pfeic im^hMch §ora Rapidly«, 

--- '&%.£• Wä)' sMtt.ä 'fte effect, of conver7§hce # swa^t-i^ 

•easterly f'lowo - ..--.-._ 

I •_""        ^GMai, tw^eteies o«i te .toermnsd f?oo the Ml« Ä ^öiKffs: 

jj        ---  "-----'-"""""-- --_ ._-_-.;.-,•   _ „_    "_-     (ä):    s.treaHp:ne^ät:t§riis, / - "._".-      ':-:";;; 
.t        "-"""-•       .".._...".""-"' -- • -". ..'    ; :.;"      -      "".""    •.-"""." 

I     .. :      - - ~___                     (h)    uelpeit.y of'the .s-rasarali-ivas ""•.-_•-     -                  --7 ""-'"-""' 

1                 ;';...-        .-\;~   •--               ..-.-. -.-.faji   .v-erlö:ci*v- oF-;th5 ~"\\;i::4«-   •        •'"-•"" •      --.---_,--   - 

a     .          -.    •..   -------     __..-.Lsi .Si^r- Y.§;Voci-t# of  the strt^v:::i:ii.e-.s.                   _ /._._-".   —    .--r- -.'-_-_• 

-.--;-:--i-..:.—_-^I    - - ---yi-^^iii^-c^ c-ars^u^a "p? trajectories. . .__ __ ______      ~- ~~_    __:__ „__ 

•r    ~r   r---J.i-i;3 ,"""' r,us,5rA"ti..,,,i- of  s".j.-e-nr.iline'Se -_ .               -   " "        - - 

li 

t)^ _ change öf ^rnd direction, with, tiae at- a .given, point- fixed -to. the. 

earthö        -- : -V •— :- "- 

Cpns:ide-r- a hacking, wind is- positive..- 

_' -     -    _. 2^ 
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1-he- fp/llpyfoig- seiat-ipn is gi#en, hy Blatan-:, '(..£0? •-:""    ~ 
-.ft   -ft •-"; 

,   aB.&uifii'ttg .no. •B^-räicturfvl.'öipjlge-s of the system,  the local change:_pf Xirihd. 

direcftion is also given pyr_4~=- -*C  -~-L        where, the ..x*axi-s -'is1 parallel 
•:        : "--     ""=~"  §1  I*'-"": "_-- >'-    "  - <:-: — 

to the Mreetlpii of- noM-ph e-f the •Rfcreaöli-äe.s; and .fpr •s:i:npiif'ieatiön here, 

_ x wii-l pe ^considered po,sa-tiv^"'tB the--west» -     " . - — ..   --        :^ "".""-   -: 

_j y&r iirsul-fc? syst.er.is' Fet-fce.Es.sen. [gives -^'1   r: _^. COS W      ft &?'••*! / 

" r-2r\p  (fr      /   :      -" -.--..-•"" 
sen ^JL 3 ~ -X..  ,('0| ife • •-. .Süd ,suhsMt.u*;ih:g- in 5t2Q): 

Ö-l) 
•ft 

*|- Ä,  ^ÖS " 

Shis, expr.esF.ion is for closed circular syste.as .grid does hot hold, for 

_.a -sj-raetriGal s5ru.<~cidal stteanllge pj/b*-e~j?ä v/ith which^tHi-s- dlscwss-ioh ,ia 

largely cenoprnedc: _.-'.._ _. -- 

So?1" i-iis circular £yöt.en in .f ig,'~-.(*|i=) j~ j.-tg~,~  \^: 

_* ^ Up  =-*4 
\ >2 1 T 

^H^ H*r*r 
€©#-•4 

u,/ 

CFV 

iXiä. 

gas 

^K....  -&§>   "-     [ 

-C«; ^ 

- %w —. 

dS 
_»J ' - ' r      "> 

25 



3u:t~ trl£§ is Uöt vaiid: for sinusoidal päitaSÄs beeauss. in sproetrical 

sfrnü'sioidai s^reämiinev patterns"" -ffelO 

«? ,7  - i:oy _ 

'Sutosjt A ••bJll'.L.ng. in. ^2ö4- we. 'gqi |: - -:. - 
''-*>3t 

-.T 
:.:.:.^ 

<24 ** 

I 

1 :/ 

"£Ms- last"'e.1^r.es-8iGn>/ii:li Tj&'/irs/Bd:-      " i 

tö in^eytJigavQ t'lia trajectories. .o£ sin* .. 

".•a/sJBafa'&S" ^'^^KKS
: i..i' t&&- ess te¥l legs-~ 

>"'"<• 

- i - ^ TrA ft c terms. 

UrO •Sr 

.-- -or 
/  / 

—    "    V"^ =ti— -»«i.„     .*^. 

\- •-•/   jx• 

=nB~fi •':-". 

perniru?i;cfo:i ;.^  ,-< .^ti4a^^  fcc « ^.andf tlrerefo;^e. the _:   - 

re.cu.v-> (•;. -*j£'--.':•>•:,a ef  i,h;3.-?"tr»s-?i--ll::..3-q .;-3 eqraal  to thd radius, of. curva-täx-e 

of t. *    .^r^r.-.;;,   i:,e  .':v.v.j. •.•:'-]. i'iiv'.tu on is constant*      K1G7 12- 

£^V;CÖ5,vf 

SYSTEM    M(5-vtue    /tT 'rSAiW?   5?t"tVJ    AS- € AiT.E.R-U GS 

.  V £> 

?$:<&--^ 
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-t-    .*•=• s5-=-_- 

-'-•<• 

. dl ^^r 
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When trie- apeeg. vM' t'hä systSia 'eqtifii-s the. speed of the -e^fe-terity .cong^-en-tj;. 

tls.e rain's pf «cuj^ture of the. trajectories is infinite ox the curvature» 

..o£-Jtfra trajectories is equal to zeros    A particle at any position, .of the 

<e vw.il opt. ql 'res l-'jtf BÄ'o\l ^^45|pejc.t tö thj center of the waves 

Jiherefp^s: j.-£ w^^I. hpt change, its-- di<£8£$i;pn of raö-tiöä ]3^t. will KCiy$ in ä 

i#ra3i^j,t lis§5>. Jhe onlywotipn the" p^ti-cl-es_v^i$.^ve_w*.?h- sespect §.o, an 

pllfrw-eg.'japviag;~wi-£h-"'4110.wave will he %0'riviaX to the direction p'f notion 

|>ie ffg. J'2);»       -• ' 

When the winds- are ".»ovlng through a s^s-ten,. the easterly conpcheht. i:s 

greater- than tfte speed, pf the wave«.   As a result,, the. radius, pf cm-ya-tur.e 

_o-f ihei, tiSa:^e.ct;Qrle.s:_is .^aa-t|t" $hj^j§he radfus pfj?uryatur,e of the, ;stre.anj-ihe" 

In- Jig., ||L|) S ..pa*%ie'le. at any -Jasit'ion P9, which i:s east- ?f fche. center 

pf thf vtegr-Gy will, haue to Qövre farther aioiig. the. is axis- than distance 3?: 0 

^e'f'ps'e || starts l^rni&g jspu.thwgrd;; therefore, its path ^as4 %v;e a ,gce:a^er 

w0$i§?M%]Mm, ihe..g^r-ea^|i5iBesj .r^sp^ |MJt witi'pon^in\Ve .|p.^ M&- 

jiacef northwarj;-nn'til_^$reaches, the crest .#. :mm %$P&P-_%i tfee_1;f^|p]|pr|e^ 

i[i$% ^0fl» ^tfH^SBF aappJMC than, thf; :S.&tear4£nes,«.. Wi-iii .^gjjf^tef Wi-f}/^^ 

.llngth .gntL:-ä_gKsifee>? amplitude there p\is.t alee hp a grater .?ädMs pjf ; If/, 

.:['•?&'""v'v-  ^';''%|^Vw-. MV;v'i:i4 Slower feart" ßeiTk^H^ "_"•";"_;_ " _"/•": .;" \z.''\\^f . p^?--r:\ %Ä^' f^wi:i*g; Si< 
•Sg |-Vr.eP'S %£-_ - i   *  __ 

' &V$*"~ 
;ft.'"-^' . ,. •f' 

.      N«w   -       -     V 1—    - 

. 4 

;--^-<4-vyk«n -. -—.. --^?— 
:.^SP   -    :3; -.   --.-7 " W : 

^X" '-'""'   J?""iw»f"<''m",lr »yww yi^jiT—w;ny«i> u*    i^iMg^M»^»»!»««^ —: ^ '' I 

••fe: 



eu?va-tu*e.    She- sign, of the local wind e%•~ *- &*,»**** *+,„ - •" - -  --,•   . ""'-      "     ^-^--«r *•«.• .Oi.jj/-ü.s-Ä.te ine. signs; of the- 

•radi-1 ^.«mto of the. tra^or^e. ;and- ^eaniines, that is in: the, " ' 

.cycienic^.. c^ed portion, pfi8^e_ patten,  the iocaTwind 

i^e$rl><% 

l<n- 
h& V 

2.* £ 

-SOW ^ s^repf the ,^^ineS-;    Inii^-^f u pärt^e ^ ^ 

^%t ^i "be |««e .outh^ejp^ .i^Mehe^ixnair^refpre: / 

--auipli;tud& and way-ä.length >of the-tj^Ti w^n is« W,.    *-"'   Z--"'        •       ."-.-.- 
... .._ -- •     .   ., -----7?_-"-•  L      ^ -        -' lsss th^ ^e -amplitude and 
wave length-of. the^ stre^lo^es-.    !FhrP inn.- i 7;/ "i• V;«   '"-;:       :   '""""   - 

:. -•--,- .   ^^Ai-ies. ine local wind will v.eer-.with ar^i-ci-cl-onrc 

.c^ature#ithe^t^aB(^; ^^ witn^clpnis 'cn^tnre.   / ^    V """- 

_     ^ tfe W of the.wa^PxceMa the ,peW of the easterly c^' 

a particle at p" when., wave- ce'rter *«. -.„* A-R      mt, i.-  - LJ   , .' 
"   -•' "-'-_". -^-~———      ~ai-*ev ,^-^,AB.0—That.-particlFwiXIh^vencyed-tö 

a point P,  when-Wave cepiier fc- &*• * -a    ~Wa- - ,v — ' -      ~    ; •_ . '-   - 
-----     -*;-••- "ve . ce*-uer i& ^ *y&i and will go to point P-g-wban-^ave-.'- 



cresjiris äte Ägßgo    Ehe tüaäeetory ö.±' thepa^eM gö^t-'by the dasbäd line 

in 'ig. :C^- is 3.3Ö degrees «ttt'ÄE phase with the. streap^iiLe .c\iTve-e 

fmöv'i-r.-..- ".-•;:• -::::^-.:::: 

.<'..  ~*4- v, V-co$ H* 
3S?SSäVwii"Äi"bflyi"»e"8äue sign- *rf. the ;Gur^üre- o% the *rä#ötöries\ 

and-an^öppo&i-te -ä4gfe ftp^ fe?.-. siS§^^'i'i-?-S*."     ...... ...     ; 

•Tl-n'-r     -fcViö- Examining a. perturbation in the- easterlies f röri this- viswpcint : 

-theoretic^, weather distribution, shown in.Eigt  ($&): is obtained,-    Consider 
'-••--"-••'"••"• "..":'""' . II&.IB 
tiieöxaticai sihuaoidial wa^g M the_/___=. 

•eästeerM-gs as. is-- indicated i-a_ ?ig» - 

(36)^ .in which the speed ;of Jbfee '"_ 

S£S&Zü. is. -egijffii. todihe; -Mäponeäte:   "• . 

of the- easterlies mßT the f h^arTis" - 

e.aual-rtö s"er-o"End unchanging *. 1 

Sv-erzwher-e. hstwe.en. Ä än4;:£*_ the7_ v_- 

-fiow is- fron the, aöüt^.tete ,t5?e tr.a-= - 

"" Rectories M^-straight lines*    .Sronr 

• dt-:     dx  £y      #       a>*  •Aw 

4- ßlVERSBKGS. 

&/T: 
'& 

.C£S^SIlGS>iß2 
^ 

-   :T£L 

"the; discussion ön page 22? cöhver- 

g~encrernüst he occurring between A • 

and-4 tea prevent these trajectories 

WfA W 

ill y ,©. 

m 



fron turning: tö the, north«   Between -C- anj $ the- f-ifow is^toward the föüth> 

Here divergence. Hust "be .oceUSrl-ng to prevent the- tfa ject,ö«ies fron turning, 

eyea-onieaiiy*-   -       -      - - ' j .-_"     "- --.- 

"- ".-   £*föint' •%-**aS flow-has- the greatest |öphe?lf eonponeht sad there 

df has- ^bs .naxinun valuer   :Äh^-equäl to «e£d *>t/|li points' along this* 
"-*&'•  ---•'-."!-"'     ."" -   •"      '   4-V --.- '    •   -_      _    •"-.'-    ;_..-:...; 
.curve ? the convergence iiaä*."t.e greatest at B inof der to maintain, straight 

iine= trajectories A.   Similarly the: divergence äust "be •greatest- at &• 

Rearranging equation (1) and/SöUstit^ting; piatf ^convergence/ for s$nus- 
.-."    ". -"."" "-'."      :.:" >l\ •>. 1«   .-/ .r.i..ü?>i _ - '. _"       . "" L'       --._-=_-_        .r. - 

•Ost-vexigence we get    ^-~~r-^-y-"^<^'---?-v• • •=-   -t»**»J 'v"£ v ' . 
----/"   ""----,' _._-• ^f-*f}-- ".-•      -.".. .._-.    .  .. .-.    , 

•When the vorti city is ^iticyclohiic,,  It. is- negative, and* decreases, the, 

—Value of-iC^V-^-Wh.e-*«^ ins^aa.sine: the value of the entire, lift-r-hand treüber.s 

Then it-;6an he seen that with -arvticyclöni-c vö^tieMy the aaount of cpnver» 

.geneä necessary- to. balance- a given ;t±ne /change of ;Iatttude-and. vprti.c&ty 

would Be .greater than for straight .lino £löw*:" When, the; vörticity is 

- c-yc-ioni-c,. that' is-,, pp-siUW-jäidV^ditiwe-^tKf^. the 4enöp.ihatörr:öf the 

fraction 'i seiner-eased .thereby decreasing, the valuef öf - the entire le=ft».~ 

hand-laenber-, - lhen'wi:th cyc-lönie vör'titiqy^^ thö.iaüöamt-;o.f• cfinvefgence      _ 

Would/be; less than for straight -cor-res^ondingl to .-given values of df and__£, 
;...    ' :'.   '- -.":'- — -dt       d-t      ---•—- . _-    =; 
line flow or anticycl-onic--vortici-tye-- --- T"-    • "'"- .     -.-"_-"-"_-     - 

She- absolute value; of -df is -greatest. ..at., the :inf?l-.e:etioA-poj;Msäand- .-in- 
.----      -—- ~d't "" .     • •"""—       ""  "'        ~ "'"•-     " 

asiirple sy-s-tea as shown in. E±g-o  (-16-5  there  should; he sonie'tendency for the 

--greater ataount-of-convergence or. divjergence .t%"he at these pp-intsv   .Ais'?;i 

/there -should "be nore .convergence between £ and B; than "between B ana 0> 

.. therefore, with the ideal, perturbation,, the area, of «aÄ^nun^cpnvergencö; 

shoiild be p.pproxii.iatcd by the shaded zone and the area of -iuaxiuun divert 

gence shovm by dotted-2-one_in.F4'g'e-''Cl6)-»-c- .      -". 

•" " - "--"•-' 30 ,. . _.--; 



She ppBceä&ig discussion is "based .on the assunrp.;j;len that the radii of 

eüS-^ature of tiie trajectories äfe equal toinfinity, %iaJceahs that; wind, 

is ^o&trqphic &hd:~L4'ivs equal to g.er.cu 

If,, however^, tire vriSd is ;^lowihg_ t^rptiah a fextxtf'bat.ipn,. the; absöiiitä 

value of =-=n~- wdl-i be displaced fr-on. 2rero,  and. is ä. Taertihent factor in, S?hi=s. - 
• _.....„-4*...-=.---•-._.. - "J:^; - •- -w-'-v -^--~-.--- -r.-i?---'---. 

ra^ilys-is.,.    -The- na-gi^ifade .cf :•.-..;:- depends on. the curvature of the stroanlines. 

and difference: between the speed of. the easterly wind component fjai, the. 

speed of the .Systems-V ~'~- 

f-fthe ideal, perturbation inlpigi   C1.6J) ,v;.erjrHöidngr.aldw,eS than_ Jhha 

easterlies,, everywhere. ; hetweoh.A and. ^Ö,—--would he positive:»    T-his. heans, -     . _- . ...--.     ,  .--/H--------   — 
----- —    - v« fc. 

.the cehvelgencs: is great0? .t-häri" whenstraight^Mne trajectories .fixist bS- 

vKaSB tno asoun-v 01-  convergence r^ust. ye great enough not only to naintäin 

straight line flow. in. Opposition tö the .latitude influence^ /but aust tie 

eveii- greater.,  for the' curvature to "be increasingly cyclonic« 

Between '07 end 1 the divergence .ntist a£so= be greater 'than in the case 

where- the fsysten is Moving, at a rate .equal to the easterly /wind copponent 

pecause the latitude JactpjrjWQu^ 

Curvature,    xhs convergence then_;nust~be sufficiently large not, only to-- 

prevent- thif •ten#acyr.-tU-t!~-AQ-feg^ly..SÄ-jl>arga enough, to; .cause.-the;-curvature 

to Wcone increasingly cycion-ic.6.   '••-    -.~~ 

Sut^arizing, -it-Day "be said that,  in general,  perturbations.,-, in which 

the wind is moving through the wave, will have greater subsidence "to .the 

•west-and-nor.e infen^e; weathMr ärleas."tö^theL:eastr'oJLlXiä Wave- cre^t~tl^nIwilJ" 

an identical aysten which"is nov'ing at" approximately the sarae..speed, as the 

easterly wi-nd cönponent» -•-   ------   --—:-.—--• 

...--—...-'—31        .--    ,  : 
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i:.ie .cönclus-iQh& mentioned here ar:# for siiapie ideal, systems that sr s 

among t!h,e leäsS common of .those' ohserved 3=ä -the easterlies.-    The value tp>    _ _ 

"oe- ö.p.tained from such an analysis lies not in. the application tö a specific 

Mstem that- i^ AdentieaL wi-tii. the.^nes sng:ges.te<ä im-Mg,  (l64;s    Bai;- %& äPe.s" 

4§em.reasonable ;.tha,t if J^.ideal, or ;ayerage s-pipptic ei-tuaftioh can he *egc-> 

plained, AhPr.püghly _.&nd.llxgi.eäily ivom a jpliysicai vie:^ppiM ändi the; gnalyst- 

has fixed in his. m'ind the reasuns for an ideal vefther da-s.t-r^Düii-Pn, it is 

much, less, diff.iöu£$- for Mm t.p< ^analyze; the. situations- that appear synoptical.: 

.and a-D'5>l-y Äor.r;ec.tijons: for; th.e •dMiäM5n-l'?ö;jifc.a,•'hy^oyhe.tical .si-tyation« . 
.••-•--• ">.-••• . _ 

•for example^., with, a very strong straight line flow from near i£S0- _      ' 

-degrees, with. a. frendehcy to hecpme I 

..eyiGlonibj. liiere muai he a ^er.eat !: 

~deat~of' convergence: preae.nu to pre»-""':    j 

vent such a flo.w~ff-pm hecomihg £n'ti~       "t 

cyclonic, as the value- of df "is coiapsy-   ' 

Btlvely largei    .(-See Mg« 17;}:o J   . 

Wheni-thie- eonvergenesf is greatefc' 

.in the cyclonic: poi* felonsof an east- 

4r-ly wa.v> fehah in the paitieyciöni.& ". 

FK'.n 

^"•"•\/y' l/-l:'-•••";':•::•  ". 

\^ 

f»i 

portions9 the value öf'=£—~ snus;t ha 

greater in the cyclonic portions^ 

-Jhls ~may "be refl-ec-Ved" i'y-ä--n£ör&-      ----- 

rapidly; changing radius -of/curvature:; 

\along. She flow lines as ,is indica/tei, 

in Figo   Cl"8)" iai which the winärs; 

hlöwi~ng through the  system,,' 

- -~   ~ :_ :•-- 32. 

via IR ^ N FfS.-RS1-- 2^M2 

] A"   ^w ftT'::'y^ •A';"-.:'i 

~^^ 



tfhia must he considered, in- .conjunction wfccfe the> difference with which the 

-wind is":rnpy-ing through, the "various, portions of the- wä*e= 

Occasionally on the "back side 

of as ant.icycj.one with^O- pert^r-^ 

5ö*Sön of ;any -s-arjfc. apparent., rather 

wiäes-pread- areas of. scattrered; showerf 

öec;sr.    This-si~tuation inignt he ex- 

plained hy t?he fact, that there ia- a 

tendency for decreasing antxoy^ 

cioni-c vö-F-ti-eity with a'flow toward 

the ncrrth..    fcsee Eigi. 1^   "'     '     " 

F 
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A- 
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X 

feTÄ 3& Sm JSD^Q|5. .03? ,Ä SJ^TE^i ftÄpä; 

4/hen 'convergence exists to the west of an easterly wave,  the £ri*> 

crease' of cyclonic: vortieiiy mus^be greater than: «sxjuld be .accounted fof   . 

by the letrtude;..f actor alone f^^^^nrjf J that is v-there are two 

processes present.,, both of which tend- to Increase, the cyclonic vortica-.ty«. 

It was; shown earlier that waves-,  in which the- winds, have easterly 

eöaponents: equal, to said--greater than the speed of „the „systems.,, .chould. have, 

divergence to the. west, of the wave center.    In one case the cyclonic- 

curvature remains constant and»  in the other the cyclonic curvature ds= 

creas8s*    .The cyclonic curvature of air parcels to the west of center line 

does-, h.6wev-ef-j= increase when the system is moving faster than 'the winds-, 

Ciöev-,  tiae. center of the system is catching up with the parcels in the 

advance of the system,  thereby forcing them into the ruoi-e" cyclönical 

3} 



curved, portions of the wavft.),-« '(.See gig* &5.5:-<> 

Bui..fe^Ä;teifigi^jct.sj?gfiäs..öf fire waves in the.easterlies is between 

S0'-20 alias- per hour and,. th®- sp.o_e.do; of. the easterly winds" must he- cc>Sr> 

siderapiy Jess..then thatSt -if the difference between the two is to produco 

.-any-' s%aif leant change'öf. the:.radius- of -curvatur,e, of an air parcel«, -'»s 

the- curvatur-e term :pf -the -/.orticity. pxpr:esslön is directly propq:rti.o:äai __ 

to. the; velö:e.itys. thäse: small velocity .values wili. .result in small, values 

of the term-.it »- If the. Value, of a .positive-jr remains, small even aft er a 

positive' increase,, the order of jnagniiude of the. .change. imist.;,,fil-so "be- smallo 

JVrpm this -it. seems, tüilikely that- t.h'# weather in. .advance, of an easterly 

-wave c.p-ült be. ö'Sp.taj^fä by the. fact.that the jsystfm i^^pving,faiCter-Jvhan 

the -v/i-eds?       - -'.   -- ~       -'-'-- 

The most .impörtäs* effect of such .a relatid.hs.hip would probably he 

to äecrease- the, divergence: in advance of the trough and decrease the con« 

vergenca to the rear of the .trough« Shis situation is -often observ-ed in 

portions of the. weaker perturbations.. 'She existence of weather in advance 

of an easterly wave, cannot ho explained by any of the above relationships 

"/oetween the speed of, sy-stem and -speed of"".the easterlies and these. three 

conditions encompass all. possible situations» 'Then again, it is suggested 

that the previously mads, assumptions he investigated to. ..det.eraino.. whether. 

- or—no^t the- -assumptions- -are -valid' for-- all. s-itua-tiGrnsi — -—'—-  T: — 

Up to this point a change of vorticity. has been considered to- be 

manifested entirely by a change in the cyclonic curvature, that is, the 

shear term remains- constant» In most of the simple perturbarti-ens in the 

easterlies. thi.s„assumption appears to. be a valid one. Soever,, the order 

of _ magnitude of, this term is toor great to neglect entirely in the analysis 

» w-jfi^a*»«^'- 



öf &Li-si.tüatio;a?-*    It then renains for' the .analyst, tö determine \*hetjhosr 

•of inoit ,ii.-is- neceäsäry %• Apns4d-s?- ci^ie. afcae*,. by eValü;avting 

the Gufy-atu^-e. .of the s,tfe.amtinss.>. the curvature öf" the trajectories,/• the 

_^v«ftt^e^-4a\S'tr4.Jbuii:ö3i|. etc* -    ,       ; :.""'. ":."7~   • ." "" 

It- was- Ife^i-o^slj' stated that conyJsfgencÄ .occurring with ä northerly 

f-X-pw would result .in qu£t;e:.a' large Value .for the. tine rate; tof ..jshange-ief- - 

"rthe: .r:eiative. yö»-tiMtys,r: ^. -"--'--"   "        '-•-••-   '     :~     ~-r -        ; "f   !.:_"."!' 

If,. Jn a» iäs'tefciy wave» wea&her is.occurring *0: the: west of the 

center line- anä -i=t is .asguaed' that- -the increase- of- cyclonic voft-icity 

£s: fefleered.«ir-ely in. theifcicreas-o of ^cyclonic cfa-^atufee^a closed- 

Leä^^;s^^jhäLi^j^,._:E&tfe«öfef -as-voracity i^s s ^unsi&on :öf bö>th 

~ sheaf- and curvature-,  it is. possible for the .increase öf vörticity to 

exist entirely-in the increase of shear and satisfy \coapletefy the 

mat^e^biea? feaulremenfe of the voracity equation, and no* have any    "- 

increase öf cycloni.c curvature acGO.mpanying-.conyer.gence-..- 

In -Pig». •.(2©.}1. the easterly wave -is such that *he-change of f   between 
r_"_" w, "".r" ------   .;..._       .      -;.".,        ,• _"""."-.—  — :-*~   -s;     ••-_-:: . 

;-VeHa B-is; slight,   so that a particle •fiovl-ng through such a systen' wouid. 

receive a _yery «1, change of .radius--of cur-vatur-e^ of  streamlines.» - 

Also1,, lot it be-assumed that a'psrticle -njö-ving.. between.-A-'and -3- will- -,- 

egcöer4ensB- a^o^irceahle increase of shear;  this, plus" an' increase "in 

the wind velocities "could poaaibiy provide- a "large'enough increase in -£ 

to account' for .a significant anpun-t of convergence to the west of the 

. tfJlugh-   --; ,- "  ""_~   :'-—'[--  "---;    "~~ '"_—       7J~~.        ~-~~-     7~:~7~~~~~~~_"~ 

If. the sheaf wefe iniltially^cyelonic" in the cyclically-c^ved: = : 

portions of the wave,, fros Bellas^ diver^enesis- equation, any convex v^ 

gene? would- already-be/'i-n the process, of 'breaking down«    (Cyclonic shear: 

.^s»3^a£gg'in«caHSmHM^»«waw?wffj^^ »*'BE»'^&^.«mäi(MK»ii»".i:z:5»äB««ionwMB*sEji«*ii^^ 



plus .cyclonic, cüz^ature. equals dive^genesis^V B'£>20 
If the shear w-6^.6 

in'itiäily öqueüL tö= äerp*   , 

the presence cf~ephver-     ~ 

geiice fob^d. tend; to Tprpv 

duce. cyci-onic shea% land - 

this -in turn wpuijrd decreasje 

^dLda:8.s.ipatJ_ the conver- 

gence*; -"-   — - 

If the shear were 

-3fn-i;tigii;y anticyc3?oitic--the-: 

•asf pciaftipk wStfi? cy>i-Qh3,c 

~cu£v~avupe. •Wpl#d: iäaleiit'i. 

increasing convergehcev" 4P 

that; üh.3. •c.önveEgeücie in-„acLrr 

v-anc& of the. wave-woul-d per- 

&V •• 

» 

:H9tngQ£fc!?i% 

fcfi Ir'i. 

^•S:Q>..:Ce;ny..' VV^L '4fi:i-?='::p^*^' 

>:-^:..,::;i;* |f: M v~ -Q*  t^n-v:;^Yii]; :df£Mp&J& 
---mm 

If    JS£"-.£ 0* !C©ß¥-iÄ fe# i:o 
a« ««fi:; 

'Ä 

si st "much-longer than "in either?' pf'- the- other two, cases •$.    ^Qwing to the 

Ximfti":öf" e^ror and rfpreseiitativ-eness x>.f the pilot hä^ipön-d^ertationj 

it sifma that shear tallies, of over: eight .(-&)• ^J^M^fer- W^: gx&^ 

ne:cpssar-y- in "order" fpr the aSove-conaid^ratipn to- be, signifieänirX«,.. 

Figo- (21)  illustrates a stable wave ih the easterlies in which con- 

vergence is occurring to the west of the troughs.    The following discussion 

will show how a hypothetical stable Wave may be maintained with. conyer~, 

gence ^occurring to the west of the. trot   .1 line«, 

Ja 2ig. (21) the wave is stable - not .intensifying; - with convergence 

in and to the west of the trough; the shear through the .mass M is- stroh#^ 

•aaticycloui-G.    The presence of axiti-cycloaio Sheäf. ahd'; cyclonic curvature 
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will, tend tö J.ncreäse- the currentäBöünt_of cs^er.^enc'e»    TMf corner« .,. 

_  gence laüist b;e, balanced' hy a corresponding increase of the cyciöniö 

' : ~T£<W%P&:GF*   Let it fee 4ssü&|ä.-tfesrt tH* increase will Be. lalöfcs*.- ehijiryly 

.'•'•"-'""" -  in JiM-increase of tfi-e shear Jmrcu .'^ shea*.)*, - 

As  the parrcet iTsnmovixif. th,rQugK"the" wave."i-t will start acquiring .ft 

"• ~~~"" ~~    HSfther"!^ -cöitiponeht^ as shown in M'g* :(¥lof^ «flifs-, plus tk# fft.öFtiat 

..   _    the convergence, has äisö=_ inereäa:erl,. Would' indicate the rate of change: of 

cyclonic yp^ieityJs, increasing/»    i&aiii assumln^thiä i-.§-_jnantfes4>cd -ai- 

: ümt: ejutirejfcy in the Tchänf ei .öf' .shear ,~the eü-rysture: p£ the parcel w ill 

^       r_."   eharige. ve-ry sHght^y,   :&s the :8.kefir is-only very -slightly antic^eionic 

~ "V_ ;- "T?f feil" fine, the increase öf1^öJfcy*er;g'ence will. Se praetiea^ly-nil»- 

1   ._      '- •Sy the ti-ae; the: parcel. häs--r;eache.d.-theupö_sitiön shown inS^igc j(21c): 

tire." fhear' has os.csne eyelöMc9    tn, view of the fact that the curvature, is 

  still" cyclonic-, ""divergehesis-»  should start to- act, and de_crea.se' the coh~ 

—"""-" ""  "' '""- -weKg_eiice.-p.    ~ "" "•".--""-•"  -       ^    J~. -"-.'""" —-\ .. _-— -_-  -;- _•••_- ' 

"'7'" -:    As 'jp-n-g-as ithere' is: 5 pnyergMcf prssehti   the- cyclonic., shear xja^ ii>* 

..   "  _r__.      .   . G.?ö.äs6 ähd te^ 

..'-   r .-  -:- changes to divergence, as .shown -in Eigv 421d;):*T__..  .v."   '•: ~--"-' ;~ 

""B'y" this^tifcis the cyclonic shear- is.ä^it-e.stS:öjig..and Will .tend to.   ". 

Sj     ;---.-•   -_-' increase the divergence •until divergence, is great. _enoügh to  start de?.. 

|       '   ._  " _ _A .' Rasing the q^^ 

If .-_"""_ .-__- :  '~ ^ig«- tOid)., ;t-he. eirryatur\e will/becone anticycionic,'. thereby preventing _"" 

*j ; .•     '      -"-"_- i - tha f.orna..tlÖß o.£_ A closed lows 
%r••_   .-;   . •' :•-;•"-•-     r    .....:    . -    .     ._""',    -• .: 

In s-uri.te-.rjr, it seems f roil "th,i&~that. .with cyclonic shear present in 

tlie trough, anj- intensification of-the..trought or weather to; the west of 

the: center line, is temporary,, rahd the trend:..would be toward dissipation 

a .*WivWB»giL:g^Mn>i«i*tf*3 m^smmr!:* aaKmOrd-^t* BWBB am atftn...JBBS-T»HP- •. 



of the weather and a weakening of the trough«,    I/it-h ant i cyclonic, shear 

present. 4  the convergence Jhö.i^ä./i-ncfee.aae and the; system will, probably,in- 

tensify "but the itfrsiatioh'pf ä closed |ystem äay depend on. a. number -of 

other factors one: of which may be the amount ftf anticyclonic 'she-a-r ^origih&ily 

4s  shown by Fig»  C?)  any northerly flow in the easterlies^ assuming. 

no .convergence;, ;will tend to form. ;a closed, pattern of the s?treäEi£neso 

It was., shown- that divergence- .oc;cur.r.i_hg 4n. ;.cj>h^uhctiöh. with -this. northsr.Jy   ___. 

component .would maintain, ä stabie- pertür^ba-ti-ön i-» this f-low«    It was. also 

.shown; that if =eönvefgence wer.e^.pr-es.efi-t that there wjauld.be; a. tendency tp,. 

increase the. cycloni'c shear as. well, as the. •curvature,,,, •wH-dH":cörn%inat-ipn_ xfi 

turn would chang?   ihe. convergence to dayergenc.e thereby exerting a stabil- 

izing influence and r^int^in:ing the; wave pattern in the easterlies-«    In 

addition,  Fig?   (21)--discusses. the_ possibility of h^ving^the epn^ffglhee" 

^remain .active to. the west of the-center line and still prevent the f-prftiaticn. 

of" 'a; :cl:o.'s:ed•cyclpni-.c;-ceils --."_.--. v - .       ---'---.__-""-=-.._.;.-.-.._--  

Tig.- -(:22^ 1-3-ä-p^ällei-to-^ ;|g2^:.=.an^at:tenpt- 

will-ha. cade to show how ä. closed, low .nay forn oil ah. easterly wave; if the 

antireyc-lonie~ shearLi:s-i-niti-all^ great enoughs-  - "—- 

Sec, (a) ofFig. (; 2-2} shows/ the western portion Of-an easterly wave; 

in. which there, is yexy  strong anticyclonic .shear pre.se.nxt_at_t"he crest, of -a... 

wave». The point to. he made here, is that even though there -were marked 

.increases of cyclonic vort-icity .which" reflected Jlärge decreases of anti- 

pyclonic shear, the shear- was: initially large enough .so, that from' jEiLgw 

(.22a.). through Pig«, (22d). the shear renaihed/an-ti-cycioriic;. This infers that 



at no point along, the path was there any tendency to decrease- the con~ 

vergence and if the. cyclonic curvature merely maintained itself,  the £e,r~,-    - 

Kation of a. Glöl.ed low would he aet tip a's.is' indicated ^y.'gig.*. (,22'ejU    In 

additiG.'ri to- -the. -continuance of the .convergence»  the, flow has hecoge due 

northerly .so that- the latitude: factor bay this tiae is  so strong it "rpmld 

require'extrenely- g-t;PQng divergence jnd increaseSj§f\;sheäf_^Q Jiau.se the 

.cnr-vatur-e tö peeorae anticycl7ohic> ------      

In practically, all. Cases, when a"wist wind component was detected in 

advance of an, easterly wave,, a closed low center was found tö' exist, or    •" 

;.even;#gally developed. -   --- ,"__." 

Another supporting ohservatiün if that, psaciieally all öf the-clpsÄd 

bells that form on easterly waves fern in the^ northern portions -of the 

wave:-*    That iss. the area cf j'ormati-pn. seems to. lie to the north of"..the peak 

•of the. velocity profile -öf the easterlies: which places- the.fe-Enatiön. .of the., 

arespf antl cyclonic shear«    &n i-nve.st'igs^iäöar.-ef.-'the- intensity and position. 

of this velocity profile in conjunction with the easterly indexing\sypom. 

JP^Wie^J^y |f^iä?;'iö*. the TL. §v Weather; Bureau,, should lead feg"same ve;ry.._ ;. 

iht ere sting results.   V. __.—.-...^r.;. :    ;:__" _ v_ _       - -   

FURl'HSR APPLICäTIOtf "0? DIT3R&EHESTS "  " " " 

- Further use of the theory of divergenesis may^. applied.jt.orjan..."- '-".-'.'.. 

easterly wave to determine the north-south äi,s-trihutiö.n of the weather,» 

'Scnsider perturbation in Pig.   (23): in which jihe peafe of the velocity     Y 

profile of the' easterlies; is at 3>    .Mticyclonic shear north- of 3' results "" 

in-a tendency for convergence to. fo^m tö the west -and in the trough if.  

;:,    •   ~- ",.../  !   "-;-"-: - -"•;$>.' ':  -- -:••'-. Y ••'<"      :    -":•'•"-• 
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none, is already present.,,  and if any is. present tiaer.eslioia.iq.Se a tendency 

f.cir; that .-.convergence :to increase»    ßo  the \so;uth of B,,  the presence of _   "_ 

cyclonic shear arid Gurvä-tuF.e simultaneously should tend; to- daas.lpat'3 äA'y" 

convergence^ .pres.ent. and in-fcenslfy. the; rdiver.gence:^ if that factor is present. 

— -As-the-peals of the-—. .'. • f l'C?.t   A t>  . . 

velocity profile in the" 

G-'sribbean is generally 

to the north -of the - earj~- 

tinent of South- Ajneficsj. 

the consideration.-Of the 

"shear •curvature; _g-££ee-fc.- 

may help- to  explain the 

lacis o;f weather that ~   ~ ~~ 

exists along ths- north- 

ceä&t of Venezuela, and.. -  - 

Gö;lumb.i=ä when.. easterly: _ 

.w.&ve;s pass those; £e.-gi-6fe§c. 

divsr-sehc<ä.c\:-;;'. ;';•'• 
. £nc-#scfein'g'••"':. 

cori^cr.geace';-;^ 
: .' QG.creasih^^;;.' 

&* 
#;;. -,.S •"•..'• •• -.' 

i.^-:^ jiv/di 
uücx;sai>-xiiji^/.:- 1...-; ?.. vj;:^-, 

-      '• V .' '-: "••:•/•• ^-•ii'v ••••'•"''-v   i 1 
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--\VSS2EaL-Y-TRO'dGES - - .- ~     :-~"       "£:.-_ 

r'__ _  -a*n.. analysis io-f .westerly troughs employing a pro.ce.dur-e;_ similar to- that 

used in the investigation of easterly waves may lead to "some conclusions 

pnatj v/i'tCjT-pr.ove~Aolpi''ui - i-n-.f orecss'txn'g ror—this phenomenony- "    w. -~~y 

JEhere are ä few major differences between, perturbations in the eästr__ 

erlies .and those in the westerlies that should be  considered in establishing 

the relationships, between weather distribution,, speed' of. movement,,    _. 

3?1 



ffcrs Inertia. If&fcdivrf Ä 

.tot^&ÄeatiPhs „etc*-- One. .of the me.jot diff erehce.s is «hat i-h the wes-V- 

.sr-iias-.it is not hap ess ary to have convergence and divergence present to  .. 

aaintsih a .stähle wäyaö/.'Seef'lg'i-.-^Bi;. ..:.'.. ".-.--• 

An ideal, EerfeT^ration-'-in1 the:^Bt:erlies •wöül.d-Jb.B: devoid of- ,ahy cöh=* 

-vereen-öi:Tor.-.dä^Wgääc.:e- whatsoever :C'i*e., &/ pure inertia jtr^^ectöry wave):.* 

-assuming, the wave 'in E-i-ge -f'2*$ is ä waw of" this- tyJplT,  the allowing; 

reasoning ääjrTse^ap'Si-x'edb'  — • • *•-  I-VJ-.-ä, -t 

4S thei v||u& pf the: diver,r- 

•g|nc"s iö- e.cjuai to^zerpy 

- the change' of latitude; must 

he: .1?alah:Qe& hy the opposite' 

" change; ö€'^yöifici-.ty-e,; -.fhea.. 

the- wave could not-move, -at = 

. a speed equal "to.-.er-greater- 

than- the westeijly wind..... 

component;..  If'-the .system 

^Kf>o 

& 

tuee of the streamlines would he equal to: the curvature o* the trajject oriel 

and aa the trajact.orie& are. inertia trajectories^ the; curvature streamlines 

would he equal to" the curvature of-the inert;ia-tr.aje:Q.t-pries %•» 4 |t   51 
..  .- - .-• i   ... '- ..._..        ._:. :    rs   ,  St.    :.. 

the .system were retrograde.,, "the. curvature "pf_ the trajectories •wpuld'be 

greater than the curvature--of the-str-eaialiuea». _ In nearly all .G>.-UA§ &p«U£u 

•qpserved situations the curvature-p-f'the streamlines' exceeds the curvature 

of the inertia trajectories,. . This"Would imply that: generally speaking 

if such.an- ideal ^ave did.; exist,, it woul:d oeTmoving. toward the east at -a. 



speed soinewhaA less than the we.ster.iy Cgn;pönenta- 

-'--"_     Fext,  consider the trough in 3?,ig.   fög-.j  d& which."the  speed öf the 
" ~'-:-••- - -.   ,q, •=? 

•J-Eöurgh- i-s equal- to the we.s-t-er.1^ eöiapeneot*    Here -the- vaiue öf 1^ = 0 
.       ,    .      _   . . ,-   __      ......   .. ...    .   .„^   . 

•< L-b,^, tne; wind's:-ase.-geti.s.tspphic-); .and the '.convergence, will "be. given by an- 

-eWiSinat-iq» of the  changing 

I 
I" 
a«-- 
•a 
I 

«. 
$ 
F$ 

-iät^üdre'/yälüe-ir -Ev-erywher e~i£C;7 

the;_v;.esit- öf^cen&e-r_'Ä:&ne-Jä-i... -  - 

dl.yerg-en;c.e W'o.ui.d_'beTtaM;ng 

place iahd. everywhere to. -the ~~ 

-;eAs_t. of' «center- ^ineciS:-eo:n~-;=- 

~vergeirce would he öccurri-ng; 

. the. m43c-i=Eiüm..aJnonKrt of con-   ; 

vergence. and divergence: wilyt 

taJ£e-pi-äce at -the i-hfiexioh     - 

points. . -Er,öm-this it. can-be- 

: Jaid- that-vcith •speed;"of ihe. 

'System HoM^ at SpgtsJ  of WG^TI^J 

ffi:Q,.2f^ JU 

-Dl.V--fefiG"EM-GG: 

5s, 
'//   ""//   //if 
:'/V  //y^f 

y.//m *&:*. 

,  ..<i?U; ...   ^ V    v r» 

ir:©^hrä^ro^pnätely equal tö- the/ speedrof the- ^si^Elles9. cöhyergehce.^^ 

-should exist in advance of"" the., trough, and divergence, to. the west of the' 

fhen the .speed :qf the trough, .exceeds- the- speed of the %est erlieg 

•the effect of curvature is added to  the latitude factor in producing 

.„convergence, in advance, of the trough«. 

'•; "Wiien weather exists  to the wast of the center line:-of the trough,.' 

.agaih the increase .of cyclonic vorticity..must be "greater than would be 

produced, by the latitude factor alone,    This-, .of courses, could he ex~,- 

plained, if intensification of' the trough were taking-piäc,e.,, hut" '    - -'.' 

^taiuTAi iiMitiiaaBii 



ihtens'&f.icätioh. of' the. trough is' not. necessary f o.-r •convergence to occur 

wej^ bf/the center, line* _""•__-' 

if the. par.cei-s; of, .air axe' ffibving, through the- wave, at fairly strong 

rgt:e,;?. the 'cjiänge: .offpL <fes bf c.otir4f_.,fJ.4sif large;«,,   rf„a parfcgi aove.&- :fron 

the portion of the: trojug-h marked ;3?; t'q the portion .Ea£k.e.d ;'%...}& IP.igW- i( So,.);,.  ... 

in -ä^ reilätivjö:^ _ 

of tiae':,  -the value- of '-*f^ 

b.e:coia.e:& rather- large«,.   -If the.-. 

""t.r-6ü'gS-4Sr/M3fi!i'e£än;ttL^r" pro* .-.. 

hbürieed. the; r;e:sUtLMng 

:^:^-2:£> 

^.fOwvii^niyCi ^WtÄ^f-HCS 

cowt-fpr both .th:e".decr-eäsihg"..' 

latttüäie. factor- -an?1- convergence... 

-I!-V is-'easily <seen- that-the more 

rapidly a parcel of äir is növ=      j   3äUL'2&'Q- •-•--.:: ,;-•;-     ;; ,     -_ j ^r 
-in-g: through A-^sli'gfij. the 

greater will fee the value -ofa 

--   -o-   Also- this"fa<?:t"0r" 

fymrCr 

•Ott 1   &-V'  \-^ 
£*    dy. sv 

should tend topffisjt the latitude fftct&r to the east ;0f _the. troughre- 

suit-i-ng in därv.ergen'ce^ in that .argai.      '- - - 

Then,, a ;siow.rabving,. stationaryv or retro"gräd.e trough,, with fairly; 

strong, westerly •congibnen't». should- have divergence to- the east and cors«. 

vergenGe; to the west "of the center line». " Slrörä the preceding stätementsj 

neglecting" te.hpbfariiy," intensifications of structure,  the acceleration 

or deceleration of the- trough would'b^ ^reftseted_by a ciiänge .in the 

^ 



distrib.utlöh öf weather kitMi .-ehe  trough,,    With the öfese-rvaäce- :pf either 

of these factp'rs.j  ihforna.ti-oh. relative' to the ptherslfäy ^e c^ncTudeä«- 

_•*. verification of this .hypothesis naff occur in the- v/esterly troughs 

-chat' stagnate between Miami and Puerto Rico«.    There,, quite-of.tea. a trough, 

v.-iii move; down, in a. position to- the northwest 'of Turk's- Island with Wild- 

up? in- advance of center line extending, tö Kirk's Island,,.    „Nearly äiwäy-s i 

whefi. the 'trough becomes stationary,, the; weather .'är-ea.•will intensify and 

•retrograde'' shout. fro, the. position near Mayagusna Island-* 

"The above discussion assumes, the trough, is manifested in, the; lower 

level circulation, and]. again does hot cqhsiid-er 4. variable :sh§ar. __A. 

si:;.jilar .appiicatipn of -a, changing, shear' tern may he. considered when the 

consideration of the- time- -changes of curvature- and- velocities: warrant- it.». 

Vihen .a westerly trpugh -induces a trough, in the. gastest ites*  and the-. 

easterlies extend fro any -considerable .depth,, there- should, "be. -eöhye.r.gönce' 

tö the east -and .divergence to the- west of the center line,    ;if the'' d'is- 

placemenfr Of the trough Uf to. the. east-,; there should result • in ä very 

rapid movement of' the parcels, in. -the- easterly 41.QW -th-r.ou.-gh-- the •t-r-pugh> -- 

This would affect ,a rather large positive value- pfJL•   to he acting:    . 

on the.- äfr to. the-, east of the center line- providing the induced trough is. 

of even moderate- intensity,» 

Ths northern part- pf an- induced •frrough_may h.e .analyzed .as. any other_ 

deformation field* "... "..-".-.- 

.'In conclusion:,, the writer' would- like, to -emphasis-g that the- material 

discussed in this; report is. in ho way intended tq supplant any of the 

existing forecasting techniques<     It is suggested' that- theAe .concepts be ' 

used to supplement, the existing proeedjir^s -"by pointing put possible 



i -- 
M- -*    - 

appli;pat'iöh& of hG/th, nerä and old 'theories, tö the. problem of e^lä&£ipg. the. 

freeurr'e'iice of wather in. the trop£*c>,    ä. large; part -of the pöpinär methods 

o>f -tr-ppi;cal fiorecäsitihg/ha^e hot been dismissed« .;TliiLiööi8sl§^.ftS..s:j5^Sä_   _; 

prompted -"by either the nebiilär state •of the current knowledge of some of 

these faeio.rs- 'or.' the. assumption that, the pvib j'ects hav--; been discussed in 

.5M.ficiuu.-t. detail i-a earlier reports:^    A. good deal of the raät-erial^hege- i-s 

wi.tho.ut dö.übt •repetitious of o/Sher" papers, but' the inclusion <pf.' material 

of such -a--ns-turs i*ä3 f,ei$--necessary to- j.   intain some nränner of ^cohesion ___; 

to this discus-sien^ 

- -   - - "üU-'DT- --/?••      VTSraRi.'GV 

,QiV0-,      U»     S:«,   .Ä.Ö 
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_a.     "aiT^siJY MLJMQAGGY iJsßTi^ä or ^äOPIG^ ^^f^Q^-°^v;x_  
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,3».      :iiBxxSiLG f^lBClPLülS- pf w£*£Mv r02JGÄ£,il>.G-i,'" tij-- Victor 2-.  St^^. 

Iti-,      %£ÄlJ^R\4tei"fSlS ÄLiü EG^G'äSJ?!:- er-,1,! %• >ver.r:e f eSter-as*^ 

5...      Personal 'coi5Bvymica*i<?i"i vx-ith tlae .-iray KU-rS-iöari.e "V.ea&lier Ö.ff%ee-j?,, 
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